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P.  R«  1 


Introduction. 

As  in  past  years,  four  detailed  progress  reports  (P.R.,  numbered  XXXV  to 
XXXVIII  inclusive)  have  been  submitted.  The  last  of  these  covers  a  four  month 
•period,  April  .1  to  July  3,  1950,  and  bears  the  same  date  as  this  final  report. 
Copies  of  these  quarterly  reports  are  appended  to  this  final  report;  the  latter:; 
consists  of  summaries  of  the  various  phases  of  the  work  undertaken,  together  with 
references  to  the  more  detailed  description  in  the  Progress  Reports.  -  ■ 


I.  Bora  sole  Studies , 


A.  Preparation  of  Borazole, 


Although,  as  reported,  in  the  work  of  the  year  1948-49,  a  method  for  the  prepa¬ 
ration  of  borazole  more  convenient  than  the  interaction  of  ammonia  with  diborane  was 
found  in  the  reaction  of  solid  ammonium  chloride  with  solid  lithium  borohydride 
(P.R.  XXXI,  p  6,  Sept  1948),  the  procedure  is  not  completely  satisfactory.  There 
seemed  to  be  two  principal  causes  for  the  difficulties  encountered,  namely,  a  second¬ 
ary  reaction  between  ammonium  chloride  and  borazole  (P.R,  XXXII,  pp  5-6,  December, 
1948)  and  the  caking  of  the  reaction  mixture  (P.R.  XXXIII,  p  8,  March  1949). 


As  a  possible  alternative  method  of  preparation,  reduction  of  trichloroborazole 
seemed  feasible,  since  Laubepgayer  and  C,  A,  Brown  had  developed  a  procedure  for  the 
preparation  of  the  latter.  It  was  first  shorn  that  in  the  interaction  of  solid 
lithium  aluminum  hydride  with  solid  trichloroborazole,  borazole  was  obtained.  At 
room  temperature  the  yields  were  very  small;  at  higher  temperatures  they  were  even 
less,  apparently  due  to  the  intermediate  formation  of  B-mono  and  probably  also  B- 
di chi orobora sole- -oompounds  Ins  stable  than  borazole  itself  (P.R.  XXXVI,  p  4,  Deo. 
1949). 

A  great  deal  of  time  has  been  devoted  to  the  study  of  reduction  by  lithium 
aluminum  hydride  in  a  variety  of  solvents.  It  was  found  that  diethyl  ether  (the  best 
solvent  for  this  reducing  agent)  could  not  be  used  because  it  forms  an  azeotrope 
with  borazole  (P.R.  XXXVII  p  2).  Borazole  may  be  separated  from  dimethyloellosolve, 
but  only  by'  the  addition  of  aluminum  chloride  to  the  mixture,  a  procedure  which  is 
disadvantageous  because  the  ehloride  causes  decomposition  of  borazole  if  the  two  are 
in  contact  for  any  length  of  time.  (P.R,  XXXVI,  p  4,  and  P.R.  XXXVII,  p  5). 

A  number  of  other  solvents  were  investigated,  with  either  lithium  aluminum 
hydride  or  lithium  borohydride  or  with  both.  Among  them  were  phenyl  ohloride,  which 
gave  very  low  yields  (P.R.  XXXVI,  p  5),  and  methyl  oyolohexane  and  borazole  itself, 
in  neither  of  which  solvents  did  the  desired  reaotlon  ooour  (P.R.  XXXVI,  p  5).  The 
most  favorable  solvents  were  n-butyl  ether  and  n-hexyl  ether,  of  vhioh  the  latter 
was  less  frecmently  employed.  (P.R.  XXXVII,  p  2  and  XXXVIII,  p  1). 

It  is  not  necessary  to  review  the  many  experiments  (P.R.  XXXVIII,  p  1)  carried 
out  to  ascertain  vhy,  although  lithium  aluminum  hydride  undoubtedly  reduces  tri- 
ohloroborazole  to  borecole  the  latter  oazmot  be  recovered  from  the  solutions  of 
those  ethers  which  proved  the  most  satisfactory  solvents.  Suffioe  it  to  say  that  it 
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now  appears  as  if  the  formation  of  aluminum  hydride  is  the  disturbing  faotor,  whe¬ 
ther  initially  present  in  impure  lithium  aluminum  hydride  or  whether  formed  as  a 
step  in  action  of  this  compound  on  tri ohloroborazole,  as  illustrated  by  the  hypo¬ 
thetical  equation*  ; 

3LU1H4  +  B3N3CI3H3  -*  3LiCl  +  B3N3H6  +  3A1H3 

Two  experiments  serve  as  evidence  for  this  interpretation  of  the  difficulties  en¬ 
countered,  When  a  mixture  of  pure  borazole  and  butyl  ether  was  evaporated  and  the 
vapor  oondensed,  from  87  to  92$  of  the  borazole  was  found  to  be  present  in  the  cone  ■ 
densatej  furthermore,  about  80$  of  the  original  borazole  could  be  separated  from  the 
butyl  ether  by  use  of  a  small,  'glass  helix-filled  column  (P,R,  XXXVIII,  p  2),  But 
when  lithium,  aluminum,  hydride ,  containing  an  excess  of  aluminum  hydride,  was  added 
to  the  butyl  ether  solution  of  borazole  ,  less  than  1$  of  the  latter  appeared  in  the 
yplatlle  material.  Equally  significant  is  the  fact  that  when  lithium  aluminum 
hydride  alone  was  used  to  reduce  triohloroborazole,  less  than  1%  of  the  expected 
borazole  could  be  volatilized  with  the  butyl  ether  in  which  the  reaction  was  carried 
out,  but  that  when  lithium  hydride  was  added  to  the  reaction  mixture,  yields  of  from 
80-90$  have  been  obtained.  This  result  is  readily  explained  on  the  interpretation 
under  discussion,  since  it  is  well  known  that  lithium  hydride  reacts  with  aluminum 
hydride  in  ether  suspensions  to  form  lithium  aluminum  hydride. 

Thus  far,  however,  the  use  of  a  mixture  of  lithium  aluminum  hydride  and  lithium 
hydride  in  butyl  ether  has  been  successful  only  when  small  (m  mole)  quantities  of 
triohloroborazole  were  involved,  and  when  the  reaction  was  carried  out  in  the  vacuum 
system.  ’Then  larger  quantities  were  used  and  the  reaction  wa s  carried  out  under 
nitrogen,  the  products  obtained  have  thus  far  proved  difficult  to  separate.  There 
is  evidence  that  under  these  conditions,  which  require  longer  time  and  higher  tem¬ 
peratures,  interaction  of  the  lithium  aluminum  hydride  with  the  ether  occurs,  and 
gives  rise  to  products  difficult  to  Separate  (P.R.  XXXVIII,  p  3). 

Use  of  lithium  borohydride  as  a  reducing  agent  now  appears  more  promising.  It 
was  to  be  expected  that  in  its  reaction  with  triohloroborazole,  diborane  would  be 
liberated*  possibly  according  to  the  equation 

B3H3H3C13  *  ■  3LiBKj.  -  B3N3%  +  3L1C1  *  1.58.?% 

It  was  originally  assumed  that  this  reaction  v'ould  have  as  its  chief  value  the  fact 
that  measurement  of  the  quantity^f  diborane  evolved  would  Drove  a  rapid  and  con¬ 
venient  method  of  determining  the  most  favorable  conditions  for  the  reduction  of 
triohloroborazole.  Although  initial  experiments  in  phenyl  chloride  as  a  solvent  gave 
unsatisfactory  results  (P.R.  XXXVI ,  p  5),  later  experiments  in  n-butyl  ether,  carried 
out  at  room  temperature,  liberated  an  amount  of  diborane  in  2  hours  indicating  95$ 
reduction,  and  produced  91$  of  the  theoretical  borecole.  Of  the  latter,  approxi¬ 
mately  60$  was  isolated,  and  the  remainder  shown  to  be  present  in  the  residual  ether 
(P.R.  XXXVII,  p  3). 

The  preoeding  experiment  involved  only  about  5  m  moles  of  triehloroborazolej  it 
has  hitherto  not  been  repeated  with  larger  quantities  because  the  evolution  of  1*6 
moles  of  diborane  per  mole  of  borazole  theoretically  obtainable  seemed  a  serious 
disadvantage  of  the  procedure,  implying  the  necessity  of  using  vacuum  prooedures 
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unsatisfactory  for  large  quantities.  But  since  the  substitution  of  lithium  alumi¬ 
num  hydride  for  the  borohydride  has  oaused  so  many  difficulties,  we  are  now  investi¬ 
gating  the  effectiveness  of  the  addition  of  lithium  hydride  to  the  borohydride  to 
prevent  the  escape  of  diborane.  Should  this  procedure  prove  effective,  as  seems 
possible  in  view  of  the  corresponding  experiments  with  lithium  aluminum  hydride,  our 
long  continued  efforts  to  reduce  triohlorobcrazole  vrill  have  led  to  a  satisfactory 
Conclusion* 

Additional  work  on  the  preparation  of  borazole  consisted  of  attempts  to  reduoe 
tribromoborazole,  which  was  especially  prepared  for  this  purpose  by  the  interaction 
of  ammonium  bromide  and  boron  bromide  in  phenyl  bromide  (P.R.  XXXVII  p  2).  Reduc¬ 
tion  with  lithium  borohydride  in  n-hexyl  ether  gave  87$  of  the  theoretical  diborane 
and  83$  of  borazole  (loo.  oit.).  With  lithium-  aluminum  hydride,  the  results  were 
like  those  obtained  with  the  trichloro  derivative.  Hence,  there  appeared  no  advan¬ 
tage  in  the  use  of  the  bromine  compound*  '  7  - 

I*  ’  B  .  Mono  and  Pi-ha logenoborazoles.  "  ■ 

Mono  and  dichloroborazole  were  prepared  and  described  in  the  year  1948-49 
(P.R.  XXXII,  p  5,  Deo,  1948,  and  XXXIII,  p  8,  March,  1949).  The  work  on  the  cor¬ 
responding  bromine  compounds  begun  in  that  period  (P.R.  XXXIV,  p  3,  June,' 1949)  was 
completed  in  the  current  year,  as  described  in  P.R.  XXXV,  pp  4-6,  where  a  summary  of 
all  of  the  physical  constants  of  these  compounds  is  given.  As  in  the  case  of  the 
triha logenoborazoles,  reduction  by  lithium  borohydride  was  more  successful  than  with 
the  aluminum  ocanpound  (P.R.  XXXV,  p  6).  The  reactions  were  not  further  studied. 

I.  C.  Thermal  Decomposition  of  Borazole. 

One  additional  experiment  on  the  very  slov;  spontaneous  decomposition  of  borazol 
was  carried  out.  The  results  indicate  a  somendiat  complex  reaction  for  the  study  of 
which  larger  amounts  of  the  starting  material  will  be  required  (P.R.  XXXV,  p  6-7). 
Now  that  such  amounts  can  be  made  available,  the  study,  temporarily  discontinued, 
will  be  undertaken  again. 

II.  Further  Studies  on  Tetrechlorodiborine  and  Related  Compounds. 

A •  Tetrachlorodiborine, 

1.  Preparation.  A  number  of  efforts  to  improve  the  yield  of  tetrachloro¬ 
diborine  in  the  mercury  arc  process  for  its  preparation  (F.R.  1948)  pp  21-24)  by 
changes  in  dimensions  of  the  apparatus,  and  by  the  use  of  aluminum  as  an  added  re¬ 
ducing  agent,  were  unsuccessful  (P.R.  XXXV,  p  2)*  An  improvement  in  the  convenience 
though  not  in  the  yield  or  conversion  per  pass,  was  effected  by  the  use  of  a  me chan i 
cal  recirculation  of  the  unchanged  boron  trichloride  (P.R.  XXXVII,p  3).  It  was  also 
shown  that  carbon  monoxide  does  not  react  appreciably  with  boron  trichloride  even  at 
350°  C.  (P.R.  XXXV,  p  3). 

2.  Reactions  of  Tetr a ohlorodibor ine . 


a.  The  compound  under  discussion  absorbs  hydrogen  with  remarkable 
rapidity  at  room  temperature  without  the  use  of  catalysts*  In  the  original  experi¬ 
ments  (P.R*  XXXI,  p  4,  Sept.  1946)  it  seemed  that  all  of  the  chlorine  of  the  tetra- 
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ohloro  derivative  was  converted  to  boron  chloride,  and  the  remaining  boron  to  solid 
hydrides.  3n  later  experiments  with  larger  quantities,  it  became  apparent  that  di— 
borane  is  one  of  the  products  of  the  interaction  and  that  its  quantity,  as  well  as 
that  of  the  solid  products  obtained,  depended  on  the  experimental  conditions.  (P.R. 
XXXV,  p  2). 

A  previous  observation  on  the  behavior  of  liquid  tetra chlorodiborine  toward 
diborane  (P.R.  XXXIII,  p  4,.  March,  1949)  suggested  that  the  products  of  the  initial 
reaction  between  hydrogen  and  the  chlorodiborine  might  be  chlorodiboranes  (e.g. 
B2CI4K2 )  which  almost  immediately  and  nearly  completely  disproportionate  to  boron 
trichloride  and  diborane.  The  solid  products  observed  would  then  be  explained  by  a 
secondary  interaction  of  diborane  with  .excess  tetra ohlorodiborine. 

Thoroughly  satisfactory  confirmation  of  this  interpretation  was  obtained  by  a 
study  of  the  reaction  under  conditions  such  that  all  of  the  reactants  were  present 
.lii  the  gas  phase  at  moderately  low  pressures.  Under  these  conditions  the  major  pro¬ 
ducts  were  diborane  and  boron  chloride,  together  with  small  amounts  of  monochloro- 
diborane  and  only  traces  of  solid  hydrides  (F.R.  XXXVI,  pp  2,3,7). 

These  observations  suggested  that  the  preparation  of  diborane  by  the  passage  of 
a  mixture  of  hydrogen  and  boron  trichloride  through  an  electric  discharge  might  pro¬ 
ceed  through  the  initial  formation  of  tetra chlorodiborine  which  would  then  react  •  I, 
with  excess  of  hydrogen  as  has  just  been  described.  To  test  this  possibility,  a  mix¬ 
ture  of  hydrogen  with  an  excess  of  boron  trichloride  was  subjected  to  the  arc  dis¬ 
charge.  Small  amounts  of  tetra chlorodiborine  were  actually  obtained  under  these  con¬ 
ditions*  The  procedure  does  not,  however,  seem  a  desirable  one  for  the  preparation 
of  this  compound  (P.R.  XXXVI,  p' 3  and  P.R.  XXXVII,  p  5). 

Although  the  experiment  supports  the  interpretation  just  discussed,  another. 

Very  similar  one,  is  conceivable.  Che  might  assume  that,  in  the  discharge,  boron 
trichloride  is  dissociated  to  BCI2  and  chlorine  atoms.  The  latter  react  equally 
readily  With  hydrogen  or  with  mercury,  and  are  thus  removed  whether  the  boron  tri¬ 
chloride  is  passed  through  the  arc  in  the  presence  of  mercury  or  of  hydrogen.  The 
fragment  BCI2  may,  however,  be  able  to  react  Tvith  hydrogen  but  not  with  mercury. 

•Hence  in  the  presence  of  the  former  the  main  boron  containing  product  may  be  HBClg 
which  polymerises  and  then  dlsproportionates,  whereas  in  the  presence  of  mercury  the 
BClg  fragments  polymerise  to  the  diborine  derivative.  Data  are  lacking  to  ascertain 
which  of  the  two  possibilities  is  thermodynamically  the  more  likely. 

b»  One  mole  of  tetra chlorodiborine  reacts  with  8  moles  of  dimethyl- 
amine  to  form  a  new  compound  of  empirical  formula  B (KRg )g  x,  which  in  all  proba¬ 
bility  la  tetramethylajninodiborine,  i.e.,  *  CHg»  The  preparation 

analysis  and  a  few  of  the  properties  of  the  compound  are  described  in  P.R.  XXXVII, 
p  4,  and  P.R.  XXXVIII,  pp  4-5. 


* 


o.  One  mole  of  tetra ohlorodiborine  reacts  with  two  moles  of  trimethyl- 
amine  to  form  a  product  of  empirical  formula  BClg'NRg  (in  which  R  ■  CHg),  as  has  been 
ehovn  by  analysis  (P.R.  XXXVII,  p  4).  It  was  anticipated  that  the  compound  is  an 
addition  product  of  2  moles  of  trimethylamine  with  one  of  the  chloroborine,  i.e., 
B2Cl4*2f!R3»  However,  a  determination  of  the  molecular  weight  by  the  freezing  point 
lowering  method,  using  benzene  as  a  solvent,  gave  a  value  of  1105,  which  is  almost 
four  times  the  expected  value  of  279.  Experiments  are  under  way  to  ascertain  whether 
this  unexpected  result  is  real  or  is  due  to  the  formation  of  solid  solutions  of  ben¬ 
zene  and  the  compound. 
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The  compound  is  a  white,  very  stable  solid  which,  though  it  sinters  somewhat 
at  125®  C  and  shows  signs  of  softening  at  195°  C,  melts  without  noticeable  decom¬ 
position  at  about  228°  C  if  heated  in  an  atmosphere  of  nitrogen.  It  is  soluble  in 
benzene  arid  in  diethyl  ethers  its  solubility  in  isopentane  is  so  slight  that  efforts 
to  obtain  the  molecular  weight  in  this  solvent  were  unsuccessful  (P.R.  XXXVIII,  p  5), 
It  is  far  3e  ss  reactive  than  tetraOhlorodiborine  itself.  Thus,  it  does  hot  react 
with  hydrogen  nor  with  diborane,  as  does  tetraehlorodiborinej  instead  of  liberating 
hydrogen  chloride  when  treated  with  ethyl  alcohol,  it  absorbs  two  moles  of  the  latter.* 
(P.R,  XXXVII,  p  4). 


The  possibility  of  hydrogenation  of  the  compound  BgGl^^NRj  has  been  investi¬ 
gated.  Before  discussing  this  aspeot  of  our  present  work,  it  is  desirable  to  review 
what  had  been  done  on  the  hydrogenation  of  tetrachlorodiborine  itself*  In  earlier 
reports  (P.R.  XXXIII,  pp  3-4,.  March,  1949,  P.R.  XXXIV,  pp  5-7,  June,  1949,  P.R. 

XXXV,  p  l)  it  was  pointed  out  that  neither  lithium  hydride  nor  lithium  aluminum 
hydride  in  the  presence  of  diethyl  ether  reacts  with  either  tetrachloro  or  tetrabro- 
modiborine.  Tihen  the  investigation  of  the  latter  reaction  was  planned,  it  was 
thought  that  the  initial  products  might  be  diborane  and  the  hypothetical  diborine, 
and  that  these  might  react  with  each  other  to  form  dihydrotetraborane*  '_■/ 


4LiB%  +  B2C14  ~  4L1C1  ♦  B2H4  ♦  2B2H6 


B2H4  +  B2He  —  B4HIO 

*  * 

Actually,  some  dihydrotetraborane  was  obtained,  but  the  amount  of  this  compound  was 
much  smaller,  and  the  amount  of  diborane  produced  was  much  greater  than  these  equa¬ 
tions  demand.  Lowering  the  temperature  at  which  the  reaction  was  carried  out  de¬ 
creased  the  realtive  amount  of  diborane  and  increased  that  of  the  tetraborane.  At 
still  lower  temperatures,  aohieved  by  the  use  of  aluminum  borohydride,  the  ratio  of 
diborane  to  tetraborane  was  still  further  decreased. 


These  obeeBrvations  could  be  interpreted  on  the  basis  of  the  preceding  equations 
provided  it  is  assumed  that  the  excess  of  diborane  and  the  deficiency  of  tetraborane 
are  due  to  the  great  instability  of  the  latter.  The  appearance  of  6till  smaller 
amounts  of  pentaborane  and  decaborane  might  be  similarly  interpreted.  The  data  ob¬ 
tained  were,  however,  not  sufficient  to  serve  as  a  confirmation  or  denial  of  the 
hypothesis. 

Further  work  on  this  reaction  was  deferred  beoause  of  its  complicated  course, 
until  a  study  could  be  made  of  the  reduction  (hydrogenation)  of  the  oompound 
B2C14»2NR3.  The  greater  stability  of  the  latter  makes  the  study  simpler,  and  the 
presence  of  trimethylamine  might  stabilize  any  initial  reaction  products,  which  might 
otherwise  disproportionate  or  decompose.  The  first  such  reaction  studied  was  its 
behavior  toward  iithium  aluminum  hydride  (P.R.  XXXVII,  pp  4-5).  A  volatile  crystal¬ 
line  product  of  1  -  2  mm  vapor  tension  at  room  temperature  was  obtained,  but  Was 
obviously  not  homogeneous  because  it  contained  aluminum  end  boron  in  variable  pro¬ 
portions.  It  may  have  been  a  mixture  of  the  compound  A1H3*RR3  with  some  unidentified 
boron  oompound,  an  assumption  made  plausible  by  the  fact  that  the  sample  of  lithium 
aluminum  hydride  used  was  later  found  contaminated  with  aluminum  hydride. 


The  reaction  should  be  studied  further,  but  this  work  was  postponed  to  allow  time 
for  the  investigation  of  the  behavior  of  the  oompound  B2Cl4*2RR3  toward  lithium  borio- 
hydride.  The  initial  experiment  produced  diborane,  trimethylamine  borine,  end  as  yet 
unidentified  nonvolatile  materials.  It  is  evident  that  there  ms  not  enough  tri- 
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raethylamine  to.  convert  all  of  the  difcorane  to  trimethylamine  borine  or  to  reaot  com¬ 
pletely  with  either  the  hypothetical  B2H4  or  the  B4K10*  Further  studies  in  the 
presenoe  of  excess  trimethylamine  are  in  progress  (P.R.  XXXVIII,  pp  5-6). 

d<  Tetra chlorodiborine  does  not  rea  ct  with  ns  thane  or  with  hydrogen 
chloride  at  room  temperature ' "(p .~R .  XXXV  p  3j* 

e •  Summaries  of  reactions  of  tetra chlorodiborine  studied  in  preceding 
years  are  found  in  P.R. '  1948  p  26  arid  F.R,  1949  pp  4-6. 

II.  B.  Subchlorides  other  than  Tetra chlorodiborine .  Little  progress  has  been  made 
in  the  study  of  the  trace  of  volatile  crystalline  white  material  often  observed  a6 
a  very  minor  contaminant  ofYtetrschlorodiborine .  Thus  far  the  amount  collected  has 
proved  to  be  too  small  for  even  a  qualitative  analysis}  in  other  words,  it  is  not 
yet  even  oertain  that  .it  is  a  boron  compound.  Efforts  to  improve  the  yield  of  the 
material  have  been  unsuccessful  (P.R.  XXXV,  p  2). 

Enough  of  the  slightly  volatile,  viscous  red  decomposition  product  of  tetra- 
chlorodiborine  (P.R.  XXXII,  P  10,  Deo.  1948)  has  been  obtained  for  a  preliminary 
analysis,  as  is  true  also  of  the  nonvolatile  white  solid  decomposition  product.  For 
the  red  material  the  B*Cl  ratio  was  1.0*0.91,  or  nearly  1*1;  for  the  white,  5. 1*3.0 
(P.R.  XXXVII  pp  5-6).  T-jhen  attempts  were  made  to  determine  the  molecular  weight  of 
the  red  material  in  solution,  it  was  discovered  that  it  undergoes  slow  decomposition 
even  at  room  temperature.  There  are  indications  that  this  decomposition  may  be  in¬ 
hibited  by  the  pressure  of  boron  trichloride,  a  possibility  now  being  explored. 

These  observations,  however,  throw  doubt  on  the  reliability  of  the  analytical  data, 
since  the  material  analyzed  may  not  have  bean  homogeneous.  *. 

III.  The  Preparation  of  Calcium  and  of  Sodium  Aluminum  Hydrides. 

After  long  continued  and  unsuccessful  efforts,  satisfactory  procedures  for  the 
lj  preparation  of  both  calcium  and  sodium  aluminum  hydrides  have  finally  been  developed. 
i  It  is  quite  possible  that  the  preparation  of  the  former  compound  may  be  still  fur¬ 
ther  improved  by  applying  to  it  the  ideas  developed  in  connection  with  the  sodium 
compound,  as  will  be  described  below. 

III.  A.  Calcium  Aluminum  Hydride. 

The  best  procedure  so  far  developed  for  the  preparation  of  this  compound  is 
still  thdt  described  in  P.R.  XXXII,  p  11,  Dec.  1948.  It  consists  of  the  treatment  of 
calcium  hydride  with  the  diethyl  ethers te  of  aluminum  chloride  in  dimethyl  ether, 
followed  by  evaporation  of  the  dimethyl  ether  and  extraction  of  the  residue  with 
tetrahydrofuran.  The  prooedure  suffers  from  the  Blowness  of  the  reaction  and  a 
moderately  low  yield. 

Attempts  to  improve  the  prooedure  by  carrying  the  reaction  out  in  tetrahydro¬ 
furan  were  unsuccessful.  At  ordinary  temperatures  there  was  no  appreciable  reaction; 
at  reflux  temperature  reaction  occurred,  but  the  product  was  impure,  because,  as  was 
shown  experimentally,  metal  aluminum  hydrides  react  with  this  solvent  at  reflux  tem¬ 
peratures.  Other  solvents  were  dimethyl oellosolve,  dioxane,  and  n-ethyl  morpholine; 
none  of  these  waa  satisfactory  (P.R.  XXXV,  pp  5,8). 


F.  R*  7  Preparation  of  Calcium  andof  Sodium  Aluminum  Hydride. 

It  seems  more  than  likely  that  the  addition  of  snail  amounts  of  calcium  ohl or». 
ide  or  of  lithium  chloride  may  improve  the  result,  as  is  described  below  for  the 
.  case  of  sodium  aluminum  hydride. 

III.  B.  Sodium  Aluminum  Hydride . 

Sodium  aluminum  hydride  was  initially  prepared  by  the  reaction  Of  aluminum  bro¬ 
mide  on  sodium  hydride  in  the  presenoe  of  dimethyl  ether,  A  pure  product  in  from 
60-65$  yield  was  obtained,  but  the  reaction  was  not  oonsidered  a  desirable  one  be-  _ 
cause  of  the  use  of  the  relatively  expensive  aluminum  brcmide,  and  the  necessity  of 
carrying  out  the  reaction  and  the  filtrations  under  the  6-7  atmospheres  pressure  of 
dimethyl  ether  at  room  temperature. 

The  numerous  unsuccessful  efforts  to  obtain  satisfactory  results  vith  aluminum 
chloride  instead  of  the  bromide  need  not  be  recounted.  The  most  recent  of  them  are 
reviewed  in  P.R.  XXXVIII,  pp  6-7.  Recently*  however,  success  has  been  obtained  as 
a  result  of  the  consideration  that  the  reagent  actually  reacting  vd-th  the  metal  hyd¬ 
ride  is  the  AIX^  ion  (X  =  Cl  or  Br)  rather  than  the  simple  halide  AlXj. 

To  implement  this  hypothesis  sodium  hydride  was  treated  with  aluminum  chloride 
and  a  small  amount  of  lithium  chloride  in  tetrahydrofuran.  (Lithium  chloride  was 
employed  because  it  is  known  to  dissolve  in  ethers  containing  aluminum  chloride, 
whereas  that  is  not.  true  of  sodium  chloride,)  In  the  absence  of  lithium  chloride, 
the  corresponding  reactions  do  not  occur  at  all  or  are  slow  or  incomplete,  and  fail 
to  produoe  a  pure  product.  But  in  the  presence  of  lithium  chloride  a  pure  produot 
was  obtained  in  what  was  probably  a  short  time,  although  the  reaction  was  allowed 
to  continue  for  3  days  to  assure  completion. 

The  details  of  the  reaction  are  given  in  P.R.  XXXVIII,  pp  7-8,  where  also  the 
details  still  to  be  settled  before  the  solution  of  the  sodium  aluminum  hydride  prob¬ 
lem  may  be  considered  complete  are  discussed,  as  well  as  the  contributions  of  these 
observations  to  an  understanding  of  the  Minduetion  period”  in  the  reaction  between 
lithium  hydride  and  aluminum  ohloride. 

IV .  Thermal  Decomposition  of  Lithium  Borohydride  and  of  Monomethyl  Lithium  Boro-? 

-*  hydride* 

Repeated  inquiries  from  individuals  working  on  a  variety  of  government  supported 
investigations,  about  the  observation  reported  by  Schlesinger  and  Brown,  JACS  62, 

3429  (1940)  that  the  early  stages  of  the  thermal  decomposition  of  lithium  borohyd¬ 
ride  is  reversible,  led  us  to  reinvestigate  the  reaotion.  Vie  were  unable  to  con¬ 
firm  the  earlier  observation  although  We  studied  the  decomposition  under  a  variety 
of  conditions.  It  was  also  shown  that  the  decomposition  of  the  monomethyl  deriva¬ 
tive,  i.e.  LllBHgCBj )  'is  a  continuous.,  nonrever6ible  process  (P.R.  XXXV,  pp  3-4,  and 
P.R.  XXXVI,  p  6). 

Catalysts  greatly  accelerate  the  decomposition.  It  seems  possible  that  the- 
very  small  quantity  of  lithium  borohydride  (6  mg)  used  by  Schlesinger  and  Browi  may 
have  contained  an  impurity  whioh  aoted  as  a  catalyst,  and  thus  formed  traoes  of 
lithium  hydrids  to  whioh  the  reversibility  observed  may  have  been  due. 
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V*  Reaction  of  Lithium  Borohydride  with  Hydrazine  Hydrochloride* 

It  is  reasonable  to  hope  that  the  reactions  of  hydrazine  and  its  derivatives 
1  with  diborane  and  its  derivatives  might  lead  to  interesting  new  types  of  boron- 
nitrogen-hydrogen  compounds*  The  work  has  at  present  just  begun.* 

Because  of  the  ready  availability  of  the  starting  materials,  we  began  the  work 
with  a  preliminary  study  of  the  reaction  between  lithium  borohydride  and  hydrazine 
dihydrochloride,,  both  in  the  absence  of  solvents  and  in  diethyl  ether.  As  was  to  be 
expected  from  the  behavior  of  amine  hydrochlorides  toward  the  borohydride,  about  1 
>  mole  of  hydrogen  was  evolved  per  mole  of  the  borohydride  at  room  temperature,  and 

about  2  moles  at  higher  temperatures.  The  study  is  complicated  by  the  fact  that 
!  -  aside  from  hydrogen  and  traces  of  diborane.,  no  other  volatile  products  are  obtained. 

{  Wo  are,  therefore,  postponing  the  further  study  of  this  reaction  until  we  have  invest 

■  .  ti gated  the  presumably  simpler  one  between  diborane  and  hydrazine*  The  latter  re¬ 

agent  was  supplied  to  us  through  the  oourtesy  of  the  Naval  Research  Laboratory* 

Publications. 

1.  A  paper  by  T.  Y/artik,  R.  E.  Moore,  and  H.  I*  Schlesinger  on  tetraohloro- 
diborine  is  to  be  presented  at  the  September  meeting  of  the  American  Chemical  Society 
Society,  and  will  be  submitted  for  publication  before  long. 

'  c  '  2.  Two  -papers  by  T..  Tiar.iik  and  H*  1.  Schlesinger  on  the  reactions  of  lithium 

*  aluminum  hydride  on  alkyl  compounds  of  the  metals  are  being  prepared  for  publication. 

3.  A  paper  by  G.*  Y/,  Schaeffer,  Riley  Schaeffer  and  H.  I.  Schlesinger  on  the 
J  preparation  of  borazole  by  the  action  of  ammonium  chloride  on  lithium  borohydride 

and  on  the  action  of  boron  halides  on  borazole  has  been  submitted  for  publication. 

4,  The  work  on  the  preparation  of  sodium  and  calcium  aluminum  hydrides  by 

T.  Wartik,  G,  Urry,  and  H*  I*  Schlesinger  should  soon  be  in  shape  for  publication. 
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Progress  Report  Ho.  XXXV  on  Contract  F6ori-20  T .0.  X 
for  the  period  July  1,  1949  -  September  30,  1949 
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H.  I.  Schlesinger  and  T.  "fartik  ;'- 
in  collaboration  with 
R.  E.  Moore,  Riley  Schaeffer,  Martin  Steindler  and  0*  TJrry 

The  period  covered  by  this  report  includes  the  vacations  due  the 
members  of  the  staff  as  University  employes.  Furthermore,  a  large  part 
of  the  work  undertaken  is  experimentally  difficult  ana  time- consuming;.. 
For  both  of  these  reasons,  progress  has  been  relatively  slow* 

The  work  undertaken  has  covered* 


I.  '  Further  bora  a ole  studies* 

(a  J  Additional  data  on"  the  physical  constants  of  mono  and  dichloro, 
and  of  mono  and  dibromoborazoles  have  been  obtained.  The  present  report 
includes,  in  addition  to  the  new '.data,  a  summary  of  all  of  the  data 
hitherto  reported. 

(b)  The  mono  and  diohloroborazoles  may  be  reduced  to  borazole  by 
either  lithium  aluminum  hydride  or  lithium  borohydride. 

(:•)  A  fev*  additional  data,  are  reported  on  the  slow  room  temperature 
decomposition  of  borazole.  As  explained  in  the  experimental  part  of  the 
report,  these  data  have  proved  themselves  difficult  of  interpretation. 


II.  .Further  studies  on  halogeno  diborines  and  on  other  subchlorides  of- 
boron.  ™ 

nrr  All  efforts  to  hydrogenate  chloro  and  br omodiborines  by  lithium 
aluminum  hydride  and  lithium  hydride  have  failed.  The  latest  experiment, 
that  is,  the  treatment  of  tetrabromodiborine  with  lithium  hydride  in  -the 
presence  of  diethyl  ether,led  to  no  result.  Details  of  the  experiment 
need  not  be  reported.  Attention  is  called  to  the  hydrogenation  of  tetra- 
chlorodiborire  by  lithium  borohydride,  and  the  complications < involved  in 
this  reaction  (P.  R.  XXXIII,  pp  3  -  5,  and  XXXIV,  pp  5  -  7).'1 

TJ  The  abbreviation  'Pr R. "refers  to  progress  reports,  the  abbreviati*on~F7  R 
to  final  reports .  Progress  Reports  I  to  XI,  inclusive,  are  bound  with  the 
final  report  for  the  year,  July  1,  1944  to  June  30,  1945  (F.  R.  45);  P.  R. 
XII  throurh  XXIII  with  F.  R.  46;  P.  R.  XXIII  through  XXVI  with  P.  -R.  47; 

P.  R.  XXVII  through  XXX  with  F.  S.  48;  and  P.  R.  Xlbci  through  XXXIV  with 
F.  R.  49.  • 
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(b)  Reaction  of  tetrachlorodiborine  with  hydrogen . 

'in  an  earlier  experiment  in' Which  only  '6  nip.  of  tet.rachloro- 
diborine  were  treated  with  hydrogen,  the  data  indicated  that  all  (or  nearly 
all)  of  the  chlorine  (98$)  was  converted  to  boron  trichloride  (F.  R.-  XXXI, 
p.  4).  Repetition  of  the  experiment  on  a  considerably  larger  scale  has 
thus  far  led  to  only  80$  recovery  of  the  chlorine  as  boron  chloride.  It  is 
conceivable  that,  because  of  the  very  small,  quantities  involved  in  the 
earlier  experiment,  the  data  are  in  error..  It  is  equally  likely  that  the 
'difference  between  the  earlier  experiment  and  the  one  on  a  somewhat  larger 
scale  is  due  to  some  difference  in  the  conditions.  Obviously,  if  all  of 
the  chlorine  can  be  converted  to  boron  trichloride,  analysis  of  the  residue 
and  the  interpretation  of  the  results  will  be  greatly  simplified.  Although 
some  time  was  devoted  to  an  attempt  to  .separate  the  several  products 
obtained  in  the  larger  scale  experiment.,  the  data  will  not  be  reported 
further  until  it  is  definitely  ascertained  that  the  earlier  results  are  not 
reproducible . 

(c)  Among  the  reactions  of  tetrachlorodiborine  reported  in  preliminary 
fashion  was  its  behavior  toward  ammonia,  which  appeared  to  be  complex  (P.  R.  . 
XXXI,  p,  8).  .The  reaction  with  trimethylamine  has  now  been  shown  to  be 
simpler,  in  that  approximately  2  moles  of  the  amine  react  with  one  mole  of 
the  tetrachloride.  An  interpretation  of  this  observation  and  its  bearing 

on  the  ammonia  reaction  are  discussed  later  in  this  report. 

(d)  In  the  preparation  of  tetrachlorodiborine  by  the  arc  process  (F.  R. 
48,  pp  22  -  24)  very  small  amounts  of  products  less  volatile  than  the  tetra¬ 
chloro  compound  have  been  observed.  It  seems  likely  that  these  are  homo- 
logues  of  tetrachlorodiborine,.  such  as  B3CI5,  B4.CI6  etc.  A  little  of  these 
products  has  now  been  collected  from  the  byproducts  in  the  preparation  of 
the  tetrachloro  compound.  A  white  solid,  readily  sublimable  in  vacuo  (vapor 
tension  at  about  30°  C.  approximately  0.5  mm),  and  at  least  moderately 
stable,  has  been  isolated.  Further  description  is  deferred  to  a  later 
report,  since  analyses  and  further  studies  are  now  in  process. 

(e)  Attempts  to  improve  the  yields  of  the  ,,subchlorides,, . of  boron. 

(1)  A  mixture  of  boron  trichloride  and  tetrachlorodiborine  was 
passed  through  the  discharge  apparatus  (F.  R,  48,  pp  22  -  24)  in  an  attempt 
to  prepare  the  hypothetical  higher  chloroborines .  Rone  of  the  desired 
compounds  was  obtained;  the  only  result  was  the  complete  disappearance  of  the 
tetrachloro  compound.  In  another  experiment,  the  tetrachloro  compound, 
unaccompanied  by  boron  trichloride,  was  subjected  to  the  discharge.  On  a 
single  pass,  all  but  3.1  cc  of  30.5  cc  (gas  at  S.  C.)  had  been  converted  to 
an  orange  brown  deposit  and  to  29.0  co  of  boron  trichloride.  Evidently, 
these  methods  of  securing  larger  quantities  of  the  desired  products  are  not 
feasible,  and  there  is  no  reason  for  reciting  details. 

(2)  As  a  result  of  the  failures  reported  in  the  preceding  " 
paragraph,  efforts  have  been  and  still  are  directed  toward  improving  the 
yields  of  the  tetra chloro' derivative .  'Among  these  was  tne  use  of  powdered 
aluminum  in  the  discharge  tube  as  a  means  (in  addition  to  the  mercury  vapor) 
for  removing  the  chlorine  probably  formed  from  boron  trichloride  under  the 
influence  of  the  discharge.  The  yields  (average  of'  two  runs,  45$)  and 
conversion  (average  of  two  runs,  3.1$)  were  of  the  same  order  of  magnitude 
as  v/ere  obtained  in  the  absence  of  aluminum,  and  the  procedure'  has  tne  great 
disadvantage  that  the  aluminum  greatly  retards  the  rate  of  flow  through  the 
discharge  tube.  No  further  details  about  these  experiments  ape  to  be  given. 
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(3 )  Carbon  monoxide  tailed  to  reduce  boron  trichloride  to  a 
bbrine  homologue  under  a  variety  of  conditions ,  e..  g. ,  at  room  temperature, 
at  110°  C,  and  350°  C,  or  under  the  influence  pf  ultraviolet  light. 

*!  (f).  Methane  and.  hydrogen  chloride  have  been  show:  not  to  react  appre¬ 

ciably  with  tetra chlorodiborine ,  since— the'  only  changes  observed  were  those 
which  might  have  resulted  from  the  spontaneous  decomposition  of  the  tetra-_ 
chi or o  derivative  under  the  conditions  of  the  experiment* .  The  experiments 
were  carried  out  at  room  temperature  over  periods  of  from  2D  -  40  minutes* 

III.  Preparation,  of  Cal-ciuip.  ILuminum  Hydride.. 

(a)  The  reaction  of  calcium  hydride  on  the-  diethyletherste  of  aluminum 
chloride  in  tetrahydrofuran  as  a  solvent  has  been  studied  further.  At  room 
temnerature  no  appreciable  .amount  of  calcium  aluminum  hydride  was  obtained 
after  ten  days  stirring  of  the  mixture.  At  reflux  temperature  of  the  mixture-, 
however,  reaction  occurred  after  a  two  hour  treatment,  as  shown  by  the  fact 
that  the  solution  ..contained  calcium,  aluminum  and  hydrogen  in  the 'atomic  ratio 
“Ga-jAlg  ,08^3 .26  -additional  2  hour  heating  at  reflux  temperature  improved 
the  result  in' that  the  ratio  had  become  Ca.^Alg  •  Bat  a  further  heating 

period  of  about  12  hours'  caused' a  diminution  of  th /active-  hydrogen  content 
as  seen  fAom  the  observed  ratio  •Gajr.l-g ®xe  fact  that  the  ratio  Ca/Al 
remained  practically  constant  while  the  relative  amount  of  active  hydrogen 
decreased,,  suggests  that  at  reflux,  temperature  tetra-hydrofuran  is  reduced  by 
aluminum,  hydrides,  presumably  to  compounds*of  ions  of  the  type  (A1HJc(.0R)4,.x)"' . 
Such  a  reaction  would  obviously  decrease  the  h/a1  ratio  without  altering  the 
Ca/Al  ratio  in  the  reaction  under  discussion,  This  suggestion  has  been 
confirmed  by  showing  that  hydrogen  is  lost  when  ablutions  of  lithium  aluminum 
hydride  in  tetra fur  an  are  maintained  at  reflux  temperatures,  as  described  in 
the  experimental  part  of  the  report. 

The  reactions  of  ca lcium'- .hydride  with- aluMnumcichloride  in  the  presence 
of  dimethyl  eellu solve,  in  dioxane  and  in  F-ethyl  morpholine  at  about  60°  C 
were  also  studied.  In  no  case  was  evidence  for  the  formation  of  calcium  alu¬ 
minum  hydride  obtained*  In  the  reaction  in  F -ethyl  morpholine,  considerable 
cleavage  of  the  ether  by  aluminum  chloride  seemed  to  occur,  th ether  the  latter 
was  ad’'ed  directly  or  as  a  diethyl  etherate. 

It  is  proposed  to  carry  out  only  one  further  set  of  experiments  on  this 
reaction, in  order  to  ascertain  whether  there  is  a  temperature  below  that  of 
reflux,  at.  which  reaction  occurs  without  appreciable  reduction  of  the  solvent. 
Should  no  improvement  result,  we  shall  let  the  matter  rest  with  the  Procedure 
described  in  P.  R,  XXXII, p»  11,  which,  though  not  convenient  in  glass  apparatus 
can  be  very  easily  carried  out  in  a  metal  reactor  capable  of  yd th standing 
from  5  -  f  atmospheres  pressure*. 

IV.  Thermal  Decomposition  of  Lithium  lorohyd ride . 

Schle singer  and  H.  C.  Brbra ,  in  their  original  neper  on  lithium  boro- 
hvdride  (J.A.C.S.  62_,  3429  (1940)),  reported  that  at  from.  275°  -  280°  0,  the 
compound  loses  .about  one  hal:.  of  its  hydrogen.  Further  loss  of  hydrogen  was 
reported  as  being  very  slow.  It  vms  further  reported  that  hydrogen  -inks 
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reabsorbed  by  the  residue  when,  the  temperature  was  lowered..  It  was  recog¬ 
nized  at  the  time  that  these  observations,  needed  verification,,  since  only  one 
experiment  wac  Carried  out,,  and  involved  only  6  tog.  of  the  borohydride,  which 
might  not  have  been  pure.. 

Attempts  to  repeat  this  observation  have  been  'Unsuccessful  thus  far. 

In  the.  absence  of  catalysts  the.  loss  of  hydrogen  is  very  slow  at  about  280°  C„ 
and  there  is  -no  evidence  of  a  change  of  rate  at  any ■  concentre tibn."'  In  the: 
presence  of  Raney  niolcel  the  decomposition  sets  in  at  lower  temperature  and 
goes  to  Completion  without  any  notice? ble  brea-ic  at  any  point . 

V.  Puh_i_i_cations , 

A  preliminary  paper,  "Derivatives  of  Diborane'1  by  Thomas  'lartilc.,.  R,  ,MoOre: 
and  H.  I.  Schle. singer  ,  J.  A,  C.  S,.  71,,  5,26-5  (1949)'  has  resulted .'  from,  the  work 
on  the  project..  Other  papers  are  in  preparation. 


Experimental  Data 

Experimental  data  are.  given-  only  for  experiments  In  which  definite 
positive  results  have  been  obtained.  In  the  case  of  negative  results, 
descriptions  o-f  procedures  are  unnecessary  because  they  have  not  differed 
from  those  described  in,  earlier  reports.  In  the  case  of  experiments  still 
under  way,  such  data  as  necessary  will  be  reported  later* 

t.(a)  E-dibromo  borazole  was  prepared  by  treatment  of  bornzolo . with  boron 
tribromide  (P*  R.  XXXIV,.p.  2).  The  volatile  solid  croducts  obtained  were 
fractionated  through  -2.2°  C  and  -30°  C  traps.  The  white  crystalline  solid 
retained  in  the  -30°  C  melted  at  49.5°  -  50.0°  G.  Analysis  by  the  hydrolytic 
methods  previously  used  for  ha logenobor|i zo.les  gave  the  results  recorded,  in. 
Table  I.,  '•  . 

Tab_le_I 

Analysis  of  E-Dibrotoo  Borazole 


33}!{g-43r2 
“•eight  of 

Hydrolyzable  Hg 
(m  .moles ) 

^Hg 

(si. moles) 

?30, 

(m.mol 

es ) 

Br 

(m .moles 

) 

sample  (mg.) 

obs , 

calc. 

..obs .  ~  ‘ 

calc. 

obs . 

calc. 

obs . 

calc. 

9.0 

0.038 

'  0.038 

01113 

0.114 

0.092 

0.114 

0.070 

0.076 

9.0 

0.032 

0.038 

0.110 

0.114 

0.120 

0.114 

-- 

The  agreement  between  observed  end  calculated  values  is  rood  in  View  of  the 
small  samples  available.  Vaoor  tension  measurements  were  made  at  elevated 
temperatures.  The  data  s'-ovs  50°  C.  are  expressed  by  the  eouatian! 


-  2849 


Log  P  «  9.352 


... 
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Which  Was  obtained  by  the  method  of  least  squares.  The  extrapolated  boiling 
Point  is  167°  C ;  the  heat  of  vaporization,  13,037  cel. /mole;  and  the  Trouton 
constant,  29.6,  Vapor  tension  data  and  temperatures  calculated  for  each 


sure  from  the 

above 

Vapor 

equation  are-  recorded 

Table  ,11 

Tensions  of  B-Dibromo 

in  Table  II  for  comparison, 

Borazole  . 

i 

j 

.  1 

‘  *  | 

P 

fp 

. ip  J  -  .  -  •  .  ,  - 

--  i 

‘mm. 

obs .  .  ■ 

00.1.0 ..  :  •. .  . 

■  '  ■  -j 

BgF3H4Brg 

-r  0.9  V'v 

-  -  303 .8 

| 

2,2  ■  ; 

316.7 

fat  or  below  ' 

•  \ 

\ 

■3  .  4 

•323.0 

---  '  .melting  Point;,.. 

\ 

4.3 

■  -  328.3 

326.7  ' . • 

5.7  -  ■ 

331,2 

331.4 

9,3 

340,9 

-  -639.8  •  ‘  ' 

!  ,  ;■ 

18.2  -  *  • 

353,4 

352,1 

-:T 

31.5  . 

362.3 

332.7 

! 

122 .4 

390.3 

392.1 

i 

Monobromo  borazole  has  been  found  to  be  somewhat  less  stable  than  the 
corresponding  chi  or  o  .compound.  Thus  a  sample  of  monobremo  borazole  decomposed 
over  a  period  of  five  days  at  room  temperature  to  give  hydrogen,  a  nonvolatile 
white  solid  and  s  materiel  more  volatile  than  bromoborazole.,  presumably 
borazole  itself. 

Table  III  contains  a  summary  of  the  physical  properties  of  halo  borf.iz.oles. 
Melting  Points  of  chlo.ro  bora  soled  arc  recorded  in  addition  to  date  previously 
reported. 


Table "III 

Physical  Properties  of  Halo  Eorazoles, 


formula v 

m,w. 

m.w. 

m.p. 

h orma 1 

H 

Trouton' 

calc. 

obs . 

0  C. 

b,p . 

vap. 

Constant 

e  C. 

ca,$/mol 

• 

BsV/.3-?5C1 

114.9 

117.5 

-34.8 

109.5 

8,445 

22.1 

IgVy-igBr 

159.4 

1.53 

-32.8 

122.3 

9,939 

25.1* 

u3"  3  4°^2 

149,4 

33.5 

151.9 

9,125 

21.5 

n  V1  .i  Uv 

3  *4  r2 

238.4 

50.0 

167.1 

13,037 

•  29.8* 

Lor  P 

A  i 


mm 


B  -  a/T 

B 


1,846 

7.703 

2,172 

8.373 

>  ’ 

1,994 

7.5-72 

if 

4 

2,349 

9.352 

l 

*Thc 


ho  unusually  high  value  for  Trouton ’ s  constant  probably  has  no  important 
significance.  The  extrapolation  for  the  boiling  point  is  large  (ebout  50°  C) 
arid  a  slight  error  .in  the  slope  of  the  vapor  tension  curve  would  produce  a 
largo  error  in  thej value  of  tie  constant. 
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(b)  Reduction  of  B-monoehloro  Borazole 

The  reaction  of  8*6  oc,  of  monoehloro  borazole  with  an  excess  of 
lithium  borohydrido  .at  room  temperature  for  twunty-pno  hours  in  the  absence 
of  solvent  Fata  7.8  oc.  of  borazole  and  4*9  cc*  of  diborane*  Those  data  fit 
the  conation  of  the  expected  reaction. 

LiBd4  +  B3»3%Gi  .  -  .  Li  Cl  +  §B;2Hg  +  Bgj%H6 

Lithium  aluminum  hydride  appears  to  be  equally  effective  as  a  reducing  agent,  - 
but  this  experiment  has  not. as  yet  been  completed.  A  small,  amount  of /hydrogen. 
was  produced  in  the  .reaction  and  the  zero  vapor  tension  of  the  product  whs. 

89  mm.  in  contrast  to  that  of  pure  borazole,  84.8  mm..  Since  the.  lithium 
aluminum  hydride  was  deposited  from  an  ether  solution  and  the  solid  heated 
•only  one  hour  at  60  m-  65°  C,  a  trace  of  residual  ether  may  be  present  in  the 
product,  accounting  for  the  high  vapor  tension. 

The.  reduction  of  didhloro  borazole  with  lithium  aluminum  hydride  appears 
to  take  place  in  the  absence  of  solvent,  but  a  complete  report  of  this  reaction 
cannot  be  .made  at  the  present  time. 

(c)  The  Slow  Decomposition  of  Borazole  . 

As  reported  in  P.  R.  XXXIV^p.  4,  about  4  g.  of  borazole  decomposed  in 
about  two  montns  to  •‘•ive  452  cc.  of  hydrogen  and  34.5  cc,  of  diborane.  .Tie 
remaining  mixture  was  fra ctionatod  through  traps  kept  at  -11°  C,  -45°  C,  and 
-I960  C.  Borazole  and.  traces  of  diborane  wore  retained  in  the  latter  trap-. 

On  warming,  the  -45°  C  trap  was  found  to  contain  a  liquid,  v/hile  a  white  solid 
was  retained  in  the  -11°  C  trap.  Attempts  to  purify  the  former  were  unsuc¬ 
cessful,  due  to  a  moderately  rapid  decomposition  at  room  temperature  to  give 
diborme  and  a  nonvolatile  white  solid.  The  vapor  tension  of  this  material 
at  room  temperature  was  about  ton  mm.,  out  more  than  doubled  during  ?.  ton 
minute  period  at  room  temperature.  Attempts  to  measure  the  epas  density  w.-rc 
unsuccessful.  The  solid  rotsined  in  tie  **11°  C  trap  also  decomposed  slowly 
during  attempts  at  purification  ~.ivin?  diborane  and  f  nonvolatile  vfeito  solid. 

Beth  fractions  were-  purified  as  much  us  possible  and  hydrolyzed. 

Analytical  data  for  these  fractions  and  for  the  nonvolatile  white  solid 
produced  in  the  initial  de composition  of  borazole  arc  given  in  Tabic  TV. 

;  Table  IV 


Compound  Sample 

,  weight 
(mg . ) 

vole tilo  liquid  ... 
volatile  solid  ... 
nonvolatile  solid  28.9 

50.9 

27.9 


Boron 

1'ltropen 

(mg.  at. 

(nr  .  st. 

vts . ) 

wts.) 

4.53 

3  *98 

1.85 

1.76 

l.li 

1,1« 

1.98 

2.  02 

•  •  ♦. 

•  •• 

Rydrolyssble  Hydrogen 
(mir.  at.  wts.) 

4.12 

1.50 

0.59 

1.09 

0.59 
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It  3.6  interesting  to  note  that  in  the  nonvolatile  solid,  the  atomic 
ratio  Bill  iH  in  two  experiments  aver  a  res  1.00i0.995»0.53,  or  vtry  nearly 
Bp'N  fi.  furthermore,  the  sum  o.f  the  weights  of  the  nitrogen,  the  Boron  and 
the!  hydrogen  constitutes  over  99'%  of  the  weights  of  the  material  analyzed. 
Pevorthsless,  it  does  not  seem  permissible  to  assume,  that  th;  formula  is  that 
indicated  by  the  analysis.,  since  the  analytical  procedure  yields  only  the 
amount  of  hydrogen  attached  to  boron,  and  does  not  show  the  hydrogen  attached 
to  nitrogen.  It  is  therefore  not  yet  demonstrate?  that  the  nonvolatile  solid 
is  a  homogeneous  material.  Similar  comments  apply  to  the.  analyses  of  the  two 
other  products,  except  that  in  the  analyses  of  these,  the  weight  of  sample 
was  not  obtained  because  of  their  rapid  decomposition. 

II  (b)  In  approximately  1  l/2  hours,  38.2  cc.  of  B2CI4  (gas  at  S.  C.)  absorbed 
15.1  cc.  of  hydrogen,  and  produced  40.8  cc.  of  boron  trichloride.  Tad  all  of 
the  chlorine  been  converted  to  boron  trichloride,  the  quantity  of  the  latter 
would  have  been  approximately  51  cc;  in  other  words,  only  80%  of  the  expected 
amount  of  boron  chloride  was  obtained.  Similarly,  the.  amount  of  hydrogen 
absorbed  is  only  about  85.%  of  that  expected  for  a  reaction  exactly  like  the 
smaller  scale  experiment  initially  carried  out  (P.  b»  XXXI,  p.  4)„.  Further¬ 
more,  the  original  experiment  gave  rise  to  a  small  quantity  of  v  ’-Sublimable 
white  solid;  no  corresponding  material  was  observed  in  the  pro-sent  experiment. 
In  the  latter,  ei' numb;  r  of  volatile  proauots  containing  boron,  chlorine  and 
hydrogen  wore  obtained. 


Experiments  are  under  way  to  ascertain  whether  the  difference  in  tho 
results  are  due  to  incompleteness  of  reaction  in  the  more  recent  experiment, 
or  whether  in  it  conditions  were  such  that  partial  chlorination  of  an 
initially  produced  borr.ne  occurred. 


(0)  Trime thylamine  was  purified  by  treatment  with  phosphorus  pent oxide  in 
a  sealed  tube  at  100°  C  for  15  hours.  Of  the  purified  material  (0°  C  tension, 
698  mm,  accepted  value  681  mm),  54.5  cc,  (gss  at  S-.  C.)  was  condensed  on  9,13 
cc.  of  tetrechlorodiborinc.  A  vigorous  reaction,  coating  the  walls  of  the 
reaction  vessdl  with  a  white  denosit,  set  in  before  the  mixture  h-’d  warmed  to 
room  temperature.  The  mixture,  vrvs  nevertheless  allowed  to  stand  for  24  hours 
at  room  temperature,  after  which  time  the  volatile  contents  were  removed,  Tho 
vapor  tension  of  the  volatile  material  was  178.7  mm  at  -30°  C  (melting  bramo- 
bonzonc)  whereas  tho  accepted  value  for  trime thylamine  is  179  mm.  The  volume 
of  gas  was  37.0  cc.  showing  that  17.5  oc.  of  the  amine  had  reacted  with  the 
9.13  cc.  of  B2CI4,  a  ratio  of  F( ■  1.92/l.OO. 


It,  therefore,  seems  probe  ole  that  an  addition  reoetion  yielding  tho 
produott 

Cl  Cl/  ; 

•  •  •  •  „ 

RgN  1  S  »  3  i-.bRj 
/  Cl  Cl 


hod  been  obtained.  The  corresponding  reaction  with  «n:.onia  might  initially 
hove  formed  s  similar  addition  rroduot,  which  could,  however,  hrwe  rotated 
further  with  ammonia  tocording  to  tho  equation 1 
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B2CX4*2NK3  ♦  #m3  -  4NH4C1  ♦  (HN8EFH) 

This  equation  accounts  for  the  fact  that  one  mole  of  tetrachlorodiborine 
absorbs  (approximately)  6  moles  of  ammonia  (P.  R.  XXXI,  p.  8).  It  has  been 
shown  that  the  product  of  the  ammonia  reaction  contains  ammonium  chloride,  but 
further  study  of  the  nonvolatile  residue  is  needed  to  confirm  the  observation. 
It  will  be  especially  interesting  to  ascertain  whether  this  product  is  the 
same  as  the  substance  (BUH)  reported  by  Stock  and  Pohland,  3er.  59B,  2215 
(1926).  * 

The  trimethylamlne  addition  product  seems  very  stable  at  room  temperature 
and  is  sublimable  without  decomposition  when  gently  warmed.  Because  of  this 
stability „ it  was  thought  that  the  relatively  unstable  tetrachlorodiborine 
might  be  stored  as  the  aminate.  It  is,  however,  impossible  to  regenerate  the 
simple  chloro  compound  by  treatment  of  the  aminate  with  either  boron  tri¬ 
chloride  or  trifluoride. 

It  is  considered  unnecessary  to  discuss  further  the  details  of  items 
II  (a),  (d)  (e)  snd  (f)  of  this  report. 

III.  Preparation  of  Calcium  Aluminum  Hydride.  Action  of  lithium  aluminum 
hydride  on  tetrahydrofuran. 

The  experiments  on  the  reaction  of  calcium  hydride  with  the  diethyl 
etherate  of  Aluminum  chloride  in  tetrahydrofuran  need  no  further  description, 
but  it  seems  desirable  to  describe  the  evidence  supporting  the  conclusion, 
discussed  earlier,  that  aluminohydrides  reduce  tetrahydrofuran.  A  solution 
of  lithium  aluminum  hydride  in  that  solvent  was  prepared  by  dissolving  a 
samole  of  a  commercial  product  in  the  solvent  and  then  removing  the  insoluble 
residue  by  filtration.  Two  aliquots  of  approximately  10  ml.  were  taken;  one 
was  analyzed  as  a  blank  and  the  other  way  heated  at  reflux  temperature  for  four 
hours.  The  blank  generated  58.9  oc.  of  hydrogen  per  gram  of  sample,  whereas 
the  refluxed  aliquot  generated  only  28.8  cc.  of  hydrogen  when  hydrolyzed  in 
the  usual  way.  The  approximately  50y  deorease  in  active  hydrogen  is  adequate 
evidence  that  our  interpretation  of  the  difficulty  in  the  preparation  of 
calcium  aluminum  hydride  in  tetrahydrofuran  is  a  valid  one.  Some  curious 
observations  in  connection  with  the  rate  of  loss  of  aotive  hydrogen  are  being 
studied  further  ar.d,  if  confirmed,  will  be  described  in  later  reports. 

IV.  The  lithium  borohydride  used  in  this  study  of  its  thermal  decomposition 
was  a  sample  recrystalli2ed  from  ether,  and  was  shown  by  the  volume  of 
hydrogen  evolved  to  be  of  9P'.4?j  purity,  A  0.1117  g.  sample  of  the  produot 
was  slowly  heated  to  about  270°  C  in  an  evacuated  systan.  At  200°  C  a  small 
pressure  (2  mm)  developed  but  remained  constant#  The  temperature  was  main*'  i... 
tsined  at  from  268°  C  to  287°  C  for  19  hours  during  which  time  the  pressure 
slowly  roae  to  70  mm.  Cooling  of  the  reaction  vessel  to  room  temperature 
produced  only  a  small  pressure  decrease,  indicating  that  no  reabsorption  of 
hydrogen  occurred.  The  hydrogen  obtained  was  then  removed  by  a  Toepler  pump; 
its  volume  proved  to  be  15.4  eo.  (3.  C.),  whioh  corresponds  to  only  a  little 
over  9%  of  tho  amount  contained  is  the  borohydride  used. 
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The  residual  material  was  reheated  several  times  at  temperatures  varying 
from  about  273°  to  298°  C*  Between  each  heating  period,  the  reaction  vessel 
was  cooled  before  removal  of  the  hydrogen,  to  ascertain  whether  reabsorption 
occurred,  but  at  no  time  was  the  decrease  in  pressure  which  accompanied 
lowering  of  th^  temperature  greater  than  that  due  to  the  normal  contraction 
of  the  gas  volume.  During  a  total  of  about  200  hours  of  heating  the  material, 
only  a  total  of  53.7  cc.,  or  about  2.4  aumoles  of  gaseous  hydrogen  were 
obtained.  This'  quantity  is  only  about  25J&  of  the  total  hydrogen  of  the 
original  sample  of  lithium  borohydride .  The  product  remaining  ift.^the  reaction 
vessel  contained  yellowish  solids  in  addition  to  the  white  unchanged  boro- 
hydride,  but  it  was  not  further  investigated. 

The  slowness  of  the  decomposition  and  the  small  amount  of  hydrogen 
obtained  were  in,  marked  contrast  to  the  observations  reported  by  Schlesinger 
and  Brown  (op.  cit).  Since  in  the  latter's  experiment,  a  catalytic  impurity  . 
might  have  been  present,  lithium  borohydride  aeacb  miked  with  Raney  nickel, 
prepared  by  the  method  of  Pavlic  and  Adkins  (J.A.C.S.  68,  1471  (1946).  The 
sample  contained  about  741.  of  nickel  and  24?o  of  aluminum;  it  was  dried  and 
heated  under  vacuum  for  10  hours  at  130°  C. 

In  the  first  experiment,  a  sample  of  lithium  borohydride  was  mixed  in  a 
dry  box  under  nitrogen.with  an  approximately  equal  volume  of  the  catalyst. 
After  the  reaction  vessel  containing  the  mixture  had  been  attached  to  the 
line  and  evacuated, it  was  heated  to  225°  C.  in  vacuo.  %  oncpr.densa.ble  gas 
was  rapidly  evolved.  The  heating  was  discontinued  several  times,  but  no 
reabsorption  of  gas  was  observed.  Since  the  volume  of  ?ss  collected  exceeded 
the  total  hydrogen  contained  in  the  borohydride  used,  it  was  evident  that 
the  Ran.ey  nickel  had  either  not  been  degassed  comple  tely, or  that  it  had 
adsorbed  nitrogen  in  the  dry  box.  For  this  reason,  further  details  of  the 
experiment  are  not  given. 

In  the  next  experiment,  a  side  arm  was  attached  to  the  reaction  vessel  in 
such  a  vway  that  the  contents  of  the  'side  arm  could  be  added  to  those  of  the 
reaction  tube  in  vacuo.  The  catalyst  was  placed  into  the  side  arm,  and  the 
borohydride  (1.25  tn.moles)  into  the  bottom  of  the  reaction  tube.  The  former 
was  heeted  to  290°  C.  for  19  hours  in  vacuo,  during  which  time  the  reaction 
vessel  itsalf  ws.s  at  roc®  temperature.  Yfhen  the  system  had  become  evacuated, 
the  oetalyst  (after  it  was  cooled)  was  allowed  to  fallcon  the  borohydride, 
and  the  two  were  mixed  with  the  aid  of  two  mapiets.  The  material  wo  a ; then 
heated.  Evolution  of  g‘;8  seemed,  to  begin  at  about  219°  C.  The  sample  yme 
kept  at  225°  C  for  about  2  hours,  and  then  at  290°  C  for  about  46  hours.  The 
gas  collected  at  the  end  of  this  heating  period  had  a  volume  of  48.7  cc 
(2.17  m  moles)  and,  except  for  a  trace  of  material,  was  completely  nonconden¬ 
sable.  The  volume  of  gas  conn. srondod  to  about  859c  of  the  hydrogen  to  be 
expeoted  from  complete  decomposition  of  the  borohydride.  Fo  reabsorotion 
oocurred  when  the  residue  was  cooled  in  contact  with  the  gas.  After  further 
heating  at  about  290°  to  297°  C  over  a  period  of  70  1/2  hours,  the  total  gss 
evolved  amounted  to  2*74  m.  moles  (about  10^.  more  than  expected  from  complete 
decomposition).  The  excess  of  gas  might  have  beer  due  to  a  slow  leak  in  ths 
system* 
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In  a  final  experiment,  special  care  was  taken  to  decrease  the  aluminum 
content  of  the  catalyst  by  use  of  concentrated  sodium  hydroxide,  and  to  avoid 
adsorbed  gases.  For  the  latter  purpose,  the  catalyst  ms  washed  with  alcohol, 
then  dried  rat  270b  c  with  continuous  pumping,  and  finally  heated  at  340°  C 
for  10  hours.  The  apparatus  in  which  the  mixing  of  the-  catalyst  and  the 
borohydride  and  the  h  satin?,  of  t*»e  mixture:  were  oarried  out  vt.ro  ho  construc¬ 
ted  that  each  of  the  components  of  the  mixture  could  be  separately  heated 
before  mixing..  The  catalyst  was! ‘.heated  for  6  hours  at  310°  C.  in  the  appara¬ 
tus,  the  lltnium  borohydride  for  S  hours  at  45°  C  in  vacuo  to  remove  residual 
other,  h.xinr  of  the  materials  r.«s  carried  out  as  .previously  described. 

From  4,11  m. moles  of  the  borohydride,  mixed  with  an  approximately  equal 
volume  of  catalyst,  1.62  m. moles  of  non condensable  gas  were  liberated  in  45 
minutes  at  240°  C.  Another  heating  period  of  1  l/4  hours  at ‘240°  and  l/2  hour 
at  3.00°  C  brought  the  total  gas  evolved  to  92,2  cc,  or  4.12  m. moles ,  a  quan¬ 
tity  just  l/2  of  that  expected  for  comple  to  decompos"-1  u_.  The  pressure  in 
the  apparatus  at.  room  temperature  was  considerably  higuer  than  that  in  the 
experiment  of  Schlesingo-r  and  Brown  (2.25  mm,  as  compared  with  rat  out  22  mm); 
-nevertheless  no  reabsorption  of  gas  occurred  at  room  temperature.  Further 
heating  at  300°  C  for  a  total  of  26  hours  increased  the  amount  of  collected 
gas  to  6,78  m .moles.  Bvol’-tion  of  bed  become  slow;  heating  was  continued 
at  330°  C  end  360°  C,  until,  af'.er  a  total  heating  period  of  69  hours,  7 .26 
m. moles,:  or  88.4J?  of  the  to ta lbhydrcpon  had  boon  evolved.  Treatment  of  the 
residue  with  eth>-r  showed  that  it  con  nailed  little,  if  uny,  material  soluble 
in  this  solvent.  This  fact  demonstrated  conclusively  that  the  gas  evolved 
had  resulted-  from  decomposition,  of  the  borohydride  rather  than  from  release 
of  a f sorbed  gas  by  the  catalyst. 

■’p  none  of  the  experiments  was  the  reabsorption  of  pas  reported  by 
SohliJ  i- pep  and  Brown  observed,  Tho  latter  authors  wormed  witn  minute 
quantities  (6  trig)  of  the  borohydride,  which  might  have  boon  contaminated 
vfith  some  impurity  not  present  in  our  samples.  Since  ethyl  lithium  was  used 
in  tho  preparation  of  Schlesi  rrr  and  Bro\wa,s  sample,  alkyl  borohydridcs 
might  have  been  present,  he  arc,  therefore,  now  studying  tho  thornr.l  deoomi- 
position  of  compounds  of  this  tyuc. 
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Progress  Report  No*  XXXVI  on  Contract  F6ori-20,  T.O.  X 
for  the  period  October  1,  1949  to  December  31,  1949. 

by 

H.; I.  Schle singer  and  T.  Tfartik 
in  collaboration  with 

R.  E.  Moore,  Riley  Sohaeffer,  Ifertin  Steindler  and  G.  Urry 


The  v'orlc  undertaken  during  the  neribd  covered  by  this  report  included  the 
followings 

I«  Farther  investigation  o-f  tetrachlorodiborine  -? 

(a)  Attempt  to  analyze  the  slightly  volatile,  red  decomposition  pro¬ 
duct  . 

(b)  Preparation  and  analysis  of  BgCl^ZNfCHs^ 

(c)  Reaction  of  B2C14«2F(CH3 )3  with  LLAIH4  and  with  LiH. 

(d)  Reaction  of  B2CI4  with  hydrogen, 

II.  Reduction  of  triha logenobora zoles 

(a)  Reduction  of  trichloroborazole  with  lithium  aluminum  hydride 
and  with  lithium  borohvdririe  in  the  absence  of  solvent  and 
in  the  presence  of  various  solvents. 

(b)  Preparation  of  tribromoborazole 

(1)  By  reaction  of  trichloroborazole  with  boron  tribromide. 

(2)  By  interaction  of  am  onium  bromide  and  boron  bromide. 

III.  Thermal  decomposition  of  lithium  borohydride  and  of  lithium  monomethyi- 
borohydride. 

IV.  Modified  procedures  for  the  preparation  of  sodium  aluminum  hydride. 


Of  the  preceding  experiments  only  items  I  (d)  and  III  are  completed;  on  the 
rest  there  has  been  definite  but  slow  progress.  Cnly  the  experiments  in  which 
definite  results  have  been  obtsined^ere  reported  in  detail. 
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I.  The  work  on.  tetrachlorodiborine.  has' proved  unexpectedly  difficult 
because  of  the  fact  that  the  compound  decomposes  vith.  appreciable  speed  at  tem¬ 
peratures  at  which  it  reacts  with  the  reagents  in  which  we  are  at  present  inter¬ 
ested.  -The  compound  62014* 2N(CHs)3  is  considerably  more  stable  and  might  under¬ 
go  the  same  types  of  reactions  which  are  of  interest  in  the  simple  tetrachloro¬ 
diborine.  For  this  reason,  we  are  planning  considerable  work  with  the  trimethyl- 
amine  derivative,  but  before  this  is-  to  be  undertaken,,  re  must  make  certain  of 
having  samples  un contaminated  with  the  substances  that  might  be  obtained  by 
interaction  of  trimethylamine  with  impurities  in  the  tetrachlorodiborine.  For 
this  reason,  we  have  spent  considerable  time  in  the  purification  of  the  chloro- 
diborine  and  the  analysis  of  the  solid  trimethylamine  derivative  to  make  sure  of 
its  homogeneity.  It  may  be  added  that  .considerable  difficulties  were  encountered 
in  the  analysis  of  the  trimethylnminiate,  but  it  is  believed  that  these  diffi¬ 
culties  now  been  overcome.  Since  the  analyses  are  not  vot  quite  complete, 

details  of  analytical  procedure  and  their  results  will  be  deferred  until  the 
next  progress  report  is  made. 

Preliminary  experiments  have  shown  that  the  trimethylamine  derivative  reacts 
with  lithium  aluminum  hydride  to  give  a  moderately  volatile  product  which  appears 
to  contain  aluminum.  Jy either  the  homogeneity  of  the  product  nor  its  composition 
have  as  yet  been  established.  There  are  some  indications  that  the  amine  deriva¬ 
tive  may  react  with  lithium  hydride,  but  the  observations  are  not  conclusive. 

Much  of  the  difficulty  encountered  in  the  work  with  tetrachlorodiborine 
has  been  due  to  the  small  quantities  available.  Hitherto  there,  has  been  no  rreat 
advantage  in  preparing  larger  quantities  because  of  its  decomposition  at  all  tem¬ 
peratures  not  considerably  below  0°  C.  Now  that  we  are  planning  to  work  with 
the  more  stable  trimethylamine  derivative,  we  are  seeking  improved  procedures 
for  the  preparation  of  tetrachlorodiborine.  In  this  project,  just  recently 
undertaken,  no  progress  has  as  yet  been  made. 

During  the  course  of  the  pest  few  months,  we  had  accumulated  a  small  amount 
of  the  slightly  volatile,  red,  solid  decomposition  product  of  tetrachlorodiborine , 
and  have  m*de  an  attempt  to  analyze  it.  The  result  is  not  completely  satisfac¬ 
tory,  since  etching  of  the  glass  occurred  during  the  course  of  the  analysis.  It 
may  be  stated  that  the  Cl/B  ratio,  so  far  as  can  be  judged  from  the  present 
unoertain  data,  is  not  far  from  1/1. 

The  most  interesting  development  in  the  investigation  of  the  tetrachloride 
has  come  out  of  the  study  of  its  reaction  with  hydrogen.  It  will  be  recalled  that 
earlier  experiments  resulted  in  the  formation  of  solid  products,  amcnr  which 
decaborane  (B4QH44)  was  suspected  (F.  P.  49,  p.  4.  F.  P-.  XXXI,  p.  8).'  Later 

1)  The  'boreviotion  K.  h.  49  rci'-r s  to  the  final  report  for  the  year  ending 
June  30,  1949}  the  abbreviation  F.  H.  refers  to  progress  reports, 

experiments,  not  reported  in  detail,  led  to  inconsistent  results  (P.  R.  XXXV,  p  2) 
which  suggested  that  diborane  might  bo  the  initial  product  of  the  reaction  and 
that  the  mixtures  of  solid  and  liquid  products  obtained  might  have  resulted  from 
the  action  of  diborane  on  an  exoess  of  the  liquid  tetrachlorodiborine  (K.  R.  49* 
p.  5,  P.  Ic.  XXXIII,  p.  3). 
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This  hypothesis  was  verified  by  experiments  carried  out  in  vessels  large 
enough  to  allow  all  of  the  tetrachlorodiborine  to  be  in  the  vapor  phase  at  room 
temperature.  As  rill  be  shown  in  the  section  of  this  report  devoted  to  experi¬ 
mental  details,  diborane  and  boron  chloride  are  the  major  produots  of  the  reaetion 
as  indicated  by  the  equation* 

3B2C14  ♦  3:12  —  4BC13  +  B2H6 

Even  under  these  conditions,  it  was  impossible  altogether  to  prevent  secondary 
reaction  of  diborane  with  the  tetrachloro  derivative  as  is  shorn  by  the  facts  (l) 
that  the  amount  of  hydrogen  absorbed  is  less-  than  demanded  by  the  e a nation ,  (2) 
that  the  amount  of  boron  chloride  is  greater  and  tnat  cf  diborane  less  than  the 
smou’.ts  calculated  according  to  the  equation  from  the  amount  of  hydrogen  consumed, 
and  (3)  that  smell  amounts  of  products  characteristic  of  the  reaction,  of  tetra¬ 
chlorodiborine  with  diborane  were  observed,  (see  experimental  details,  p.  7). 

The  observations  reported  above  suggest  th- t  the  initial  reaction  between 
hydrogen  and  tetrachlorodiborine  occurs  act  or ding  to  the  equation* 

B2C14  ♦  2H2  ■  ~  B2H2CI4 

to  be  followed  by  the  dispronortionotioi  * 

3B2H2C14  -  B2Hg  +  4BC13 

The  reaction  is  of  interest  in  two  respects.  In  the  first  place,  hydrogen 
seldom  reacts  rapidly  at  ordinary  temperatures  in  the  absence  of  catalysts; 
although  v;e  have  no  measurements  of  the  reaction  rate , observe tion  indicates  that 
before  the  reactants  have  become  diluted.,  the  reaction  Proceeds  with  considerable 
speed,  i.e.,  most  of. the  reaction  is  completed  in  the  first  30  or  so  minutes. 

It  may  be  worthwhile  to  ascertain  whether  the  reaction  is  photochemical. 

The  second  point  of  interest  is  the  relationship  of  this  reaction  to  the 
preparation  of  diborane  by  the  arc  process  (Schlesinger  and  Burg,  JACS.  53,  4321 
(1937).  It  is  conceivable  that  tne  first  step  in  that  process  is  dissociation  of 
boron  trichloride  into  8Cl2  fragments  and  chlorine  atoms.  The  latter  might  then 
react  with  hydrogen  to  give  hydrogen  chloride  and  the  former  might  either  react 
directly  with  hydrogen  to  give  BClgH  which  would  disproportionate  to  diborane 
and  boron  chloride,  or  first  polymerise  to  B2C14  and  then  react  with  hydrogen. 

In  the  original  experiments  of  Schlesinger  and  Burg,  hydrogen  was  present  in 
large  excess,  a  condition  which  is  desirable  when  the  objective  is  the  preparation 
of  diborane.  It  now  is  desirable  to  repeat  the  experiments  with  the  modification 
that  boron  trichloride  is  the  component  in  excess,  to  ascertain  whether  in  the 
arc  method  any  tetrachlorodiborine  is  formed  and,  if  so,  whether  this  procedure 
might  be  an  improvement  over  present  methods  of  Preparing  tetrachlorodiborine. 
These  experiments  have  just  been  undertaken  end  have  not  progressed  far  enough 
for  a  report. 
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II.  In  view  of  the  fact  that  a  fairly  efficient  method  of  preparing  B-tri- 
chloroborazole  has  been  -developed  by  Brown  and  Laubengayer,! )  its  reduction  might 

1)  Reported  by  Charles  A,  Brown  and  A,  W.  Raubengayer ,  on  page  10P  of  Abstracts 
of  Parers  presented  at  the  September  meeting  of  the  American  Chemical  Society  at 
Atlantic  City,  1949.  See  also  Cornell  University  thesis  of  Charles  A.  Brown, 

June,  1948. 

well  prove  to  be  a  method  of  preparing  borazole  far  more  efficient  than  any  now 
available,  Such  a  development  would  bo  of  considerable  value  in  proposed  studies 
of  this  c omr o ur. d . 

Although  Brown  and  La ub eh gayer  were  not  successful  in  their  efforts  to  pre¬ 
pare  borazole  by  the  reduction  of  the  trichloro  derivative  by  lithium  hydride  or 
by  lithium  aluminum  hydride  in  the  presence  of  n-butyl  ether  as  a  solvent,,  we 
nevertheless  believe  it  worthwhile  to  reinvestigate  this  problem,  because  we 
have  founcj  that  B-monochloro  and  3-dichlorobora zoles  may  be  reduced  to  borazole 
(P.  R.  .XXXV,  pp  1  and  6).  It,  therefore,  seems  possible  that  the  trichloro  deri¬ 
vative  might  also  be  efficiently  reduced  if  the  -right  conditions  could  be  found. 
Our  experiments  in  this  direction  have  thus  far  merely  shown  that  reduction  by 
lithium  aluminum  hydride  or  by  lithium  borohydride  does  occur,  but  have  not  yet 
led  to  a  solution  of  the  problem.  Consequently,  the  present  report  will  only  be 
a  ouelitrtive  description  of  the  work  thus  far  done. 

Reaction  of  solid  B-trichloroborazole  with  solid  lithium  aluminum  hydride 
for  three  days  at  room  temperature  pave  a  sme.ll  amount  of  material  having  a  zero 
tension  of  83.5  mm,  as  compared  with  the  84.8  mm  vapor  tension  of  borazole  at 
0°  C.  Repetition  of  the  reaction  for  12  hours  at  60*65°  C.  resulted  in  the 
formation  of  small  amounts  of  B-monochlorobora zole  with  only  traces  of  borazole. 
This  result  is  not  surprising  in  view  of  our  observation  that  after  heating  a 
mixture  of  1.1  m  moles  of  B-trichloroborazole  with  1.7  m  moles  of  borazole  at 
150°  C.  for  15  minutes,  there  were  present  1.1  m  moles  of  unchanged  borazole, 

0.24  m  mole  of  B-monochloroborazole,  together  with  smaller  Quantities  of  the 
di-  and  trichloro  derivatives,  hydrogen  and  a  small  Quantity  of  nonvolatile  solid 
material.  Evidently,  borazole  undergoes  disproportionation  with  the  trichloro 
derivative  to  produce  less  highly  chlorinated  borazoles.  For  this  reason,  it 
does  not  seem  likely  that  the  solid-solid  reaction  between  trichloroborazole  and 
lithium  aluminum  hydride  will  become  an  efficient  procedure  for  the  preparation 
of  borazole,  although  we  have  succeeded  in  making  smell  amounts  of  borazole  in 
this  way  for  use  in  other  experiments. 

"Ye  next  turned  our  attention  to  the  use  of  solvents.  The  first  one  employed 
wrs  dimethyl  oellosolve.  Liles  Brown  and  Laubcngeyer ,  in  their  analogous  experi¬ 
ments  in  which  they  used  n-butyl  ether,  we  observed  evidence  that  interaction  had 
occurred,  but  were  unable  to  isolate  any  borazole  by  fra cti one, ti on  of  the  volatile 
material.  4  subsequent  test  with  a  mixture  of  borazole  and  dimethyl  oellosolve 
showed  that  the  two  cannot  be  s  opr.  rated  by  the  ordinary  fre  cti  on  sting  procedures, 
but  also  demonstrated  tnat  after  addition  of  aluminum  chloride,  a  considerable 
portion  of  the  borazole  could  be  recovered,  Evidently,  borazole  forms  complexes 
with  ethers ;  furthermore,  the  experiment  just  mentioned  indicates  that  the  ether 
can  bo  removed  from  some  such  complexes  by  aluminum  chloride. 
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Since  others  are  the  best  solvents  for  lithium  aluminum  hydride,  as  well  as 
good  solvents  for. lithium  borohydride  and  triohloroborazole,  they  should  be  the 
best  medic  for  the  reduction,  of  chlorobora zoles «  »Ve,  therefore,  propose  first 
to  study  the  reaction  between  borazole  and  various  ethers  and  to  as cert f in  whether 
efficient  methods  for  the  removal  of  borazole  from  such  ethers  can  be  found. 

Other  solvents  tested  have  been  methylcyclohexane  and  phenylbromide ,  In  the 
former;,  lithium  aluminum  hydride  was  the  reducing  agent.  After  throe  days  at 
room  temperature,  some  reduction  to  borazole  seems  to  have  occurred,  since  frac¬ 
tionation  of  the  volatile  reaction  products  through  a  -80°  C.  trap  into  one  at 
-95°  C.  gave  a  sample  of  material  which,  according  to  analysis;  appeared  to  be 
borazole  of  90%  purity.  Since  only  a  small  quantity  of  this  material  was  ob¬ 
tained;  an  attempt  was  made  to  hasten  the  reaction  by  raising  the  temperature  to 
70-90°  C,  After  12  hours,  no  borazole  was  found,  possibly  because  of  decompo¬ 
sition  of  the  product. 

In  phenyl  chloride,  lithium  hydride  and  lithium  borohydride  were  the  reducing 
agents.  V<ith  the  former,  no  evidence  of  interaction  was  observed.  From  14.8 
m  moles  of  the-  latter,  after  stirring  with  3,94  m  moles  of  B-tri chlorobora zole  in 
the  solvent  in  question  and  fractionating  the  volatile  products  from  time  to  time, 
diborane  and  borazole  were  isolated.  The  quantity  of  the  latter  after  11  days 
stirring  at  room  temperature,  was  0.48  m  mole  and  that  of  diborane  3.0  m  moles. 
Since  the  desired  reaction  is« 

3Li8H4  +  B3lT3fi;5Cl3  -*  3LiCl  +  33N3H6  +  lf^2Ti6 

it  is  evident  both  that  the  reaction  was  far  from  complete  and  that  it  did  not 
proceed  uniquely  in  the  desired  direction.  It  is  probable  that  mono-  and  dichloro 
derivatives  were  formed.  The  reaction  is  sufficiently  promising  to  be  worthy  of 
further  study  and  to  justify  the  further  search  for  more  effective  solvents.  It 
is  possible  that  in  a  solvent  in  which  lithium  borohydride  is  soluble,  this  salt 
might  prove  the  most  satisfactory  reducing  agent.  Further  work  in  this  direction 
is  contemplated. 

It  seemed  possible  that  the  most  effective  solvent  for  the  dusired  reaction 
might  be  borazole  itself.  Our  only  experiment  in  this  direction  was  a  failure, 
since  the  borazole,  added  to  e  mixture  of  solid  B-tri chlorobora zole  and  solid 
lithium  aluminum  hydride;  almost  completely  disappeared  when  the  material  was 
heated  to  reflux  temperature  for  several  days.  The  experiment  must,  however,  be 
repeated,  before  any  conclusions  should  be  drawn,  because,  in  the  one  performed, 
less  borazole  was  used  as  solvent  than  the  minimum  which  would  be  necessary  if 
its  disproportionation  reaction  with  triohloroborazole  proceeds  more  rapidly  than 
does  reduction  of  the  latter,  ’Ye  are  awaiting  accumulation  of  more  borazole 
before  proceeding  to  further  work  on  this  aspect  of  the  problem. 

Since  we  have  found  that  bromo  derivatives  are,  in  general,  more  readily 
reduced  titan  chloro  derivatives,  we  are  at  present  attempting  to  prepare  B-tri- 
bromoboregole  in  order  to  study  it  as  a  possible  source  of  borazole  by  reduction 
methods.  As  preparative  methods,  we  are  studying  the  reactions  of  boron  tribrom¬ 
ide  with  tri  chlorobora  sole  and  with  ammonium  bromide.  This  work  has  just  been 
started.  Preliminary  indications  are  favorable,  i.e.f  in  the  reaction  of  boren 
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tribromide  with  triohloroborazole,  hydrogai  chloride  was, formed,  and  in  the  reaction 
with  ammonium  bromide,  hydrogen  bromide  is  obtaired.  But  the  reaction  ">roduots 
have  not  yet  been  separated  into  their  components.,  .and  further  comment  is  still 
premature. 

III.  As  discussed  in  P.  R.XXXV,  p.  3,  the  thermal  decomposition  of  lithium 
borohydride  was  undertaken  to  confirm  observations  reported  by  Schle ringer  and 
t.  C.  Brown  in  JACS  62,  3429  (1940),.  in  order  to  ascertain  whether  a  compound 
such  as  LiBH;?  is  formed  in  the  reaction.  It  has  proved  impossible  to  repeat 
these  earlier  observations,  i.e.,  the  later  experiments  have  given  no  evidence. of 
a  break  in  the  rate  of  hydrogen  evolution  after  the  loss  of  1  mole  of  hydrogen 
per  mole  of  the  salt,  nor  any  evidence  for  the  reversibility  of  the  decomposition 
The  present  experiments  included  heating  of  samples  of  pure  lithium  borohydride 
in  class  an/'  in  iron  vessels,  as  well  as  the  heating  of  mixtures  of  lithium 
borohydride  and  Raney  nickel  catalyst.  In  glass,  the  decomposition  at  tempera¬ 
tures  up  to  290°  C.  was  very  slow  from  the  start,  end  the  rate  decreased  with 
continued  heating.  Ever,  after  220  hours  of  heating  at  an  average  tenners ture  of 
280°  C.  only  24.21-  of  the  total  available  hydrogen  had  been  ,  liberated. 

The  reaction  proceeded  more  rapidly  when  the  compound  was  contained  in  a 
Swedish  iron  tube,  which  had  not  previously  been  reduced  by  hydrogen,  as  may  be 
seen  .from  the  fact  that  in  88  hours  at  an  average  temperature  of  29  5°  C,  about 
65y,  of  the  total  available  hydrogen  hao.  been  collected,  But  if  the  iron  tube  vras 
heated  to  800°  C  in  an  atmosphere  of  hydrogen  before  its  use  as  a  container  for 
lithium  borohydride,  the  decomposition  of  the  latter  was  even  slower  than  it  had 
been  in  a  glass  vessel,  Raney  nickel  catalyst  seemed  to  accelerate  the  decompo¬ 
sition,  but  whether  this  effect  was  due  to  the  catalyst  itself  or  to  an  oxide 
coating  which  had  not  been  completely  removed  by  pretreatment  of  the  catalyst, 
was  not  determined.  Finally,  a  sample  of  lithium  monomethyl  borohydride, 
Li(B'Hg0Hg ),  was  heated  to  ascertain  whether  any  break  in  the  decomposition  rate 
occurs.  Results  were  negative. 

It,  therefore,  seemed  undesirable  to  devote  additional  time  to  this  under¬ 
taking,  -'hich  has  now  been  abandoned.  It  seems  probable  that  in  the  experiment 
of  Schlesirrer  and  Brown,  which  was  carried  out  with  only  6  mg,  of  the  boro¬ 
hydride,  some  trace  impurity  was  responsible  for  the  observations  rnfie’e*  It  is 
conceivable  that,  for  this  reason,  some  lithium  was  formed  in  the  decomposition, 
and  that  this  reacted  reversibly  with  hydrogen, 

IV.  The  preparation  of  sodium  aluminum  hydride  by  a  modification  of  the 
original  procedure,  much  like  that  used  for  the  preparation  of  calcium  aluminum 
hydride,  was  undertaken  by  a  part  time  assistant  on  the  project*  The  work  is 
still  too  far  from  completion  for  a  report* 
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EXPERIMENTAL  DETAILS 


The  only  experimental  work  far  enough  along  to  warrant  recording  of  the 
details  is  that  dealing  with  the  reaction  of  tetrachlorodiborine  with  hydrogen, 

In  one  experiment,  a  mixture  of  11.1  cc  of  the  gaseous  chloro  derivative  and 

27.3  cc  of  hydrogen  (prepared  by  thermal  decomposition  of  lithium  aluminum 
hydride  in  vacuo)  was  allowed  to  stand  in  a  500  cc  bulb  for  one  hour  at  approxi¬ 
mately  26°  0.  The  unchanged  hydrogen  (17.9  cc)  was  removed  end  collected;  9.4  cc 
of  hydrogen  was  thus  shown  to  have  undergone  reaction,  The  theoretical  quantity, 
according  to  the  equations  3B2CI4  +  3Ng  —  4BCI3  +  B2H5,  would  have  been 
11,1  cc.  It  is  possible  that  the  reaction  was  not  complete.  It  is, however,  much 
more  likely  that  the  deficiency  in  the  amount  of  hydrogen  which  had  reacted  is 
iue  to  loss  of  the  tetrachloride  by  secondary  reaction  with  diborane. 

Fractionation  of  the  other  volatile  products  yielded  14.3  cc  of  boron  tri¬ 
chloride  (v.t.  at  -4b. 2C  C,  48mm)  and  3.74  cc  of  a  gaseous  material  which  passed 
through  a  -140°  C  trap  and  condensed  at  -196°  C.  The  vapor  pressure  of  this 
material  at  -112°  C  was  245  mm  as  compared  with  the  value,  225  mm,  for  diborane, 
indicating  that  the  sample  was  a  mixture  of  diborane  with  hydrogen  chloride. 
Hydrolysis  of  the  sample  and  analysis  of  the  hydrolysate  yielded,  the  equivalent 
of  5, <33  cc  of  boron,  15.4  ce  of  hydro gem  and  1.1  cc  -of  hydrogen  chloride.  Although 
the  boron-hydrogen  ratio  was  1/2.92  ins teat  of  l/3,  the  results,  in  view  of  the 
small  quantities  involved,  are  satisfactory  confirmation  that  the  material  in 
question  consisted  of  2.7  to  2.8  cc  of  diborane  and  approximately  1  cc  of  hydro¬ 
gen  chloride. 

According  to  the  equation  given  above,  the  reaction  of  9.4  cc  of  hydrogen 
-with  tetrachlorodiborine  should  have  produced  about  12.5  cc  of  boron  trichloride 
and  3.1  cc  of  diborane.  Since  14.3  cc  of  boron  trichloride  and  only  2. 7-2, 8  cc 
of  diborane  were  actually  obtained  in  the  reaction  in  which  9.4  cc  of  hydrogen 
were  absorbed,  it  is  reasonable  to  ascribe  these  discrepancies  to  a  secondary 
reaction  in  which  diborane-  reacts  with  tenrschlorodiborine  to  rive  boron  trichlor¬ 
ide  and  other  products.  That  such  a  reaction  actually  oocurs  has  previously  been 
shown  (P.  R.  XXXIII, p.  3).  ’/nether  this  reaction,  or  the  presenoo  of  traces  of 
moisture  were  responsible  for  the  formation  of  the  very  small  amount  of  hydrogen 
chloride  obtained,  has  not  been  determined. 

In  the  experiment  just  described,  an  amount  of  a  volatile,  crystalline 
material,  too  small  for  analysis  or  other  characterization,  war  obtained.  This 
scums  to  have  b>:en  due  to  en  impurity  in  the  te-trachlorodiborinc,  since  it  was  not 
observed  in  experiments  in  which  a  hi*  hly  ourified  sample  of  the  tetrachloride 
was  used.  It  was  likewise  shown  that  this  solid  is  not  formed  by  the  reaction  of 
diborane  with  this  especially  carefully  purified  samole  of  the  to truer loro  deriva¬ 
tive.  It  might  be  recorded  that,  in  this  experiment,  a  mixture  of  25,1  cc  of  the 
gaseous  tetrachloride  and  70.3  of  diborcnc,  was  allowed  to  stand  for  2  l/2  hours 
at  room  temperature  in  a  500  cc  bulb  boforo  the  mixture  was  analyzed.  Of  the 
diborane  56.4  cc  was  unchanged,  and  30  00  of  boron  chloride  together  with  4.1  cc 
of  a  very  unstable  Rubstnr.ee  condensable  et  -80°  C  were  formed.  The  latter 
rapidly  decomposed  to  boron  chloride  and  diborane,  to  r edition  to  these  products, 

1.3  00  of  hydrogen  and  a  viscous  yellowish,  nonvolatile  liouid  were  observed* 
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The  work  undertaken  during  this  period  is  largely  a  continuation  of  that 
included  in  I.  ft.  No.  XXXVI1 II. III. IV. V.)  and  little  of  it  is  as  yet  completed.  For  this 

1)  P.  ft.  is  an  abbreviation  for  Progress  Report,  and  F.  ft.  for  Final  Report  for 
the  year  ending  June  30  of  the  year  stated  in  parentheses. 

reason  the  present  report  is,  in  most  instances,  a  brief  review  of  the  work  in 
progress,  to  be  amplified  in  later  reports.  In  general,  the  investigations 
covered  the  following  topics: 

I.  The  preparation  of  tribromobora zole,  and  further  studies  on  the  reduc¬ 
tion  of  trichloro  and  tribromobora zoLe  to  borazole. 

II.  Reactions  of  tetrachlorodiborine  and  of  the  compound  B2Cl4*2F  (0113)3. 

III.  The  reaction  of  boron  trichloride  with  hydrogen  in  the  electric 
discharge. 

IV.  Other  subchlorides  of  boron. 

V.  Farther  studies  on  the  preparation  of  sodium  aluminum  hydride. 

Ia«  The  Preparation  of  Tribromobora z ole 

1.  Because  of  the  difficulty  of  obtaining  borazole  by  reduction  of  its  tri¬ 
chloro  derivative,  and  because  of  the  fact  that  bromo  derivatives  are  in  general 
more  easily  reduced  than  the  corresponding  chloro  compounds,  we  have  prepared  the 
bromo  derivative  by  the  type  of  reaction  described  by  Laubengayer  and  Brown 
(C.  S.  Brown,  Cornell  university  Rh.  D.  thesis,  1948),  l.e.,  by  the  interaction 
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of  boron  bromide  and  ammonium  bromide.  The  desired  reaction  did  not  ooour  in  the 
absence  of  a  solvent,  but  occurs  when  the  reactants  are  heated  in  the  presence  of 

*  phenyl  bromide  at  the  reflux  temperature  of  the  latter  (120-130°  C),. 

2.  Procedures  and  Properties 

It  is  important  to  use  carefully  purified  reagents  in  the  preparation  to 
avoid  the  formation  of  a  liquid  impurity,  difficult  to  remove  from  the  oroduot. 
Ammonium  bromide  me  dried  at  110°  C,  boron  bromide  was  shaken  with  mercury  and 
distilled  directly  into  the  vessel  containing  the  a  •-.ionium  bromide,  and  the  phenyl 
bromide  was  dried  with  sodium  hydride.  Approximately  7  cc  of  the  solvent  were 
used  per  gram  of  ammonium  bromide,  and  boron  bromide  ms  present  in.  considerable, 
though  varied,  excess.  The  mixture  was  heated!  for  approximately  6  to  12  hours 
to  120-  -  130°  C  in  a  500  cc  flask,  equipped  '••■ith  a  reflux  condenser.  Completion 
of  the  reaction  may  be  recognized  by  tne  disappearance  of  the  solid  ammonium  bro¬ 
mide  and  ’.«»  cessation  of  the  evolution  of  hydrogen  bromide.  The  reaction  mixture 
ms  finally  filtered  tnronrh  o  fritted  glc.ss  filter  funnel.  The  tribr onobora zole 
*•  WS  purified  by  vacuum  sublimation  at  GO  -  70°  C.  Analysis  of  the  product  of 

four  preparations  gave  the  follovvinr  average  values:  boron,  11. 3>,  bromide.,  74.6$. 
F  14.2;';,  as  -compered  with  t;ie  theoretical  values,  10.2$*  75.5$,  13.3.1,  respect¬ 
ively.  Departure  from  the  theoretical  values  is  probably  due  to  slight  hydrolysis 
of  the  product  durii  g  manipulation .  The  melting  point  of  one  -sample  v-as  126-128° 

..  C  (under  nitrogen).  The  compound  undergoes  slow  decomposition  at  temperatures  as 
low  as  90°  C;  at  approximately  220°  C,  it  was  at  least  73$  decomposed  in  5  hours, 

as  .-judged  by  the  amount  of  rrvdrogen  bromide  evolved. 

*  * 

lb.  Reduction  of  Tribromobora zole  to  Borazole. 

4 

Treatment  of  1.36  ra-molo  of  tribromobora  zole  with  0.33  r  of  lithium  boro- 
hydride  for  3  days  at  room  temperature  in  tne  presence  of  dry  n-hexyl  ether  pro¬ 
duced  0.56  m  mole  of  hydrogen,  1.78  m  moles  of  diborane,  and  1,13  m  moles  of 
borozole.  Based  on  the  diborane  evolved,  approximately  87$  of  the-  original  tri- 
uromouurijvcle  was  reduced  to  borazole  as  iudged  by  the  equation: 

BjFgBrgHg  ♦  3LiBH^  —  BgdgHg  +  3LiCl  +  l.SBgSg 

The  amount  of  borazole  recovered  was  approximately  8.3  i  of  the  theoretical.  Reduc¬ 
tion  with  lithium  aluminum  hydride  in  n-hexyl  ethe-r  have  not  as  yet  given  satis¬ 
factory  results. 

These  observations  do  not  indicate  any  decidod  advantages  in  tho  use  of  tri- 
bromoborezole  over  trichloroborazole;  conseruently,  the  work  with  the  former  is 
being  temporarily  discontinued.  0 

lc.  Reduction  of  Trichloroborazole. 

Preliminary  experimr nts  on  the  reduction  of  i richloroborazolc  by  lithium 
borohydride  in  diethyl  ether  showed  that  evolution  of  diborane  m.i,  conseou.-’ntly, 
reduction  of  the.  trichloro  compound  occurs. «  Borazole  could,  hovcver,  net  be 

#  separated  from  the  ether  solution, .probably  because  of  the  formation  of  an  azeo- 
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trope,  the  fomation  of  which  was  indicated  by  the  fact  that  the  vapor  tension 
of  a  mixture  of  borazole  and  the  ether  is  lower  than  that  of  either  component. 
Separation  of  borazole  from  the  eth<?r  by  conversion  of  the  latter  into  the  ether- 
ate  of  aluminum  chloride  is  impossible  because  the  aluminum  chloride  reacts  with 
borazole  to  decompose  the  latter  in  an  as  yet  undetermined  manner. 

vihen  the  reaction  was  carried  out  in  butyl  ether  an  amount  of  diborane  oorr 
responding  to  95-1  reduction  of  the  trichloroborazole  was  obtained1.  Ordinary  pro¬ 
cedures  of  fractional  evaporation  and  condensation  of  the  .solution  of  borazole 
and  the  ether  were  not  effective.,  partial  separation  was,  however,  effected  by 
heating  the  mixture  till  the  total  vapor  pressure  was  approximately  150  mm  in  a 
vessel  separated  from  the  vacuum  line  by  a  float  valve,  then  opening  the  vessel' 
to  the  vacuum  line,,  and  rapidly  distilling  the  mixture  through  a  -45°  C  trap  into 
one  at  liquid  nitrogen  temperature.  Several  repetitions  of  this  procedure  accumu¬ 
lated  a  bora zol-e-rich  fraction  in  the  low  temperature  trap,  and  left  most  of  the 
ether  in  the  -45°  C  trap.  Slow  distillation  of  the  borazole-rich  fraction  through 
a  -80°  C  trap  led  to  the  recovery  of  2.7  at  moles  of  pure  borazole.  Hydrolysis  of 
the  ether-rich  fractions  showed  them  to  contain  an  additional  1.9  m  moles  of  bora¬ 
zole.  Thus,  the  total  amount  of  borazole  obtained  from  4.97  m  moles  of  trichloro¬ 
borazole  was  4.6  m  moles,  or  91 "«  of  the  theoretical,  an  amount  satisfactorily  in 
agreement  with  the  production  of  95  •  of  the  theoretical  diborane. 

Although  tho  reduction  of  triahlovobora  sole  to  borazole  by  lithium  borohiyclride 
is  thus  shown  to  be  possible,  the  procedure  has  the  disadvantage  of  theoretically 
producing  1  l/2  moles  of  diborane  per  mole  of  borazole  obtained.  Consequently,  an 
experiment  similar  to  the  one  just  described  was  carried  out  with  lithium  aluminum 
hydride  plus  lithium  hydride  as  the  reducing  agent.  The  reaction  proceeded  smoothly 
at  room  temperature  in  butyl  ether.  By  the  procedure  described  in  the  preceding 
paragraph,  62.3$  of  the  theoretical  borazole  was  isolated  and  an  additional  22$  was 
shown  by  analysis  to  be  present  in  the  residual  ether  solution. 

These  experiments  sugrested  trust  separation  cf  butyl  ether  from  borage-, 
produced  by  reduction  of  trichloroborazole  with  lithium  aluminum  hydride  should 
be  possible  by  use  of  an  appropriate  distilling  column.  Thus  far,  however,  expe¬ 
riments  of  this  type  with, larger  quantities  of  reagents,  carried  out- in  ordinary 
laboratory  eouipment  instead  of  in  a  vacuum  system,  have  not  been  successful.  The 
reasons  for  the  difficulty  have  not  yet  been  discovered,  but  the  problem  is  being 
actively  pursued. 

II.  Tetrachlorodiborine  and  compound  BgCl 4*217 (CHg)g 


a.  Preparation  of  Tetrachlorodiborine 

The  method  hitherto  used  to  prepare  tetrv chlorodiborlne  <F.  R.  XXXI,  p.  8), 
is  tedious  because  of  the  manual  recirculation  of  boron  chloride  through  the  mer¬ 
cury  glow  discharge.  Y*e  hav<*  recently  used  e.  two  stage  mercury  vapor  pump  as  a 
device  to  achieve  this  circulation  automatic.- lly.  Tne  results  indicate  that  such 
v  procedure  is  effective,  but  that  for  best  results  a  more  efficient  circulatory 
pump  is  necessary.  It  did  not  scjfli  desirable  to  construct  such  a  device  for  the 
reactive  reagents  involved}  the  details  of  the  present  experiments  need  not  be 
described. 
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lib,  Reaction  of  Tetrp.chlorodibori.ee  with  D  ires  thy  1 min  e . 

Preliminary  experiments  indicate  thst  tetrachlorodiborire  reacts  ■with  dimeth¬ 
yl  amine  ,  but  the  results  ere  not  as  ret  clec-rcut.  In  one  experiment,  8.2  moles, 
and  in  another,  7.3  moles  of  the  amine  were  retained  per  mole  of  the  chlorodibor- 
ine.  There  is  some,  though  not  definite,  indication  that  the  difference  my  be 
due  to  a  difference  in  temperature  resulting  from  a  difference  ir>  rate  of  mixing 
of  the  reactants.  Details  will  not  be  reported  till  more  consistent  results  have 
been  obtained. 

lie.  Analysis  of  the  Compound  B2CI4  2N (033)3 

The  composition  of  the  compound  E2CI4 *2N(CH3 )3  has  hitherto  been  derived  from 
the  relative  amounts  of  tetrr chlorodiborii e  and  trimethylamine  interacting  in  its 

formation  (P«  ?.,  XXXV,  p.  7).  Analysis  had  proved  difficult,  because  of  the  - 

resistance  of  the  compound  to  hydrolysis  by  water,  and  because cf  the  fact  that  it  dis¬ 
solves  so  slowly  in  alkal'.nr  solutions  that  simple  addition  of  the  solid  to  the 
basic  solution  rives  rise  to  fuming,  which  represents  a  loss  of  material. 

The  difficulty  has  now  been  overcome  by  sealing  the  material  in  0.  weighing 
tube  which  is  broken  open  under  the  alkaline  solution,  contf ined  in  a  silver  dish 
(to  avoid  contamination  of  the  solution  with  boron  or  silicon  from,  glass  or  auertz) 
Concentrated,  heated,  chloride  free  sodium  hydroxide  solution  was  employed.  Boron 
was  d-.temi-i.ed  es  boric  r-cid,  and  chlorine  as  silver  chloride.  Tm  results  of 
such  an  analysis  are  as  follows*  wt.  sample,  0.1503  gj  boron  found,  8.02",  theory, 
7.69":}  chlorine  found  49.8  theory  50.4?i. 

To  complete-,  che raeteri zarir r;  of  the  compound,,  it  is  intended  to  determine  its 
mol*  cule.r  weight  in  diethyl  ether  or  in  benzene  solution,  in  botn  of  which  solvents 
the  compound  is  readily  soluble. 

lid,  Reoctic  s  of  B2C1a*2v(CE3 )3 

The  trimethylsmine  addition  product  is  markedly  less  reactive  than  tetrs- 
chlorodiborine ,  since,  unlike  the  la '-ter,  it  does  not  react  with  hydrogen  even  at 
about  90°  C  (see  P,  XXXVI,  pp  2-3)  nor,  within  v  15  minute  period  -t  room  tem¬ 
perature,  with  diborane  (see  F.  R.  49,  p.5,  P.  R.  XXXIII,  p.  3,  and  P.  R.  XXXVI, 
p.  2).  Instead  of  evolving  hydrogen  chloride  when  treated  with  ethyl  alcohol,  the 
amine  addition  Product  takes  up  2  moles  01  the  alcohol,  a  reaction  the  products  of 
which  have  rot  as  yot  been  determined. 

The  amine  addition  "roduct  reacts  with  lithium  •:  luminum  hydride  in  other  solu¬ 
tion  at  room  temperatures,  but  the  results  are  as  yet  difficult  to  interpret.  A 
crystalline  product,  with  s  vapor  tension  of  between  1  and  2  mm  was  obtained. 
Hydrolysis  of  the  product  yielded  Itnuirorcn ,  and  the  hydrolysate  was  shown  to  con¬ 
tain  boron  rad  aluminum.  It  is  possible,  in  spite  of  the  homoreneous  appear- nee 
of  the  crystals  end  their  ’uniform  behavior  on  sublimation,  that  thr  material  is  s 
mixture  in  which  the  aluminum  is  present  as  an  impurity.  The  latter  might  be  the 
trimethylaminc-o luminum  hydride  e-vitior  product,  which  might  hove  been  formed 
bcoKUSo  of  aluminum  hydride  present  ee  an  impurity  in  the  lithium  aluminum  hydride 
used,  or  formed  us  en  intermediate  in  the  re  o+ion  of  the  lotter  with 
B2CI4 *2:  (C :3)j .  Detail*  rill  not  be  dLven  +111  the  situation  is  clarified. 
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The  attempt  to  reduce,  i ,  e . ,  to  hydrogenate,  BgCl4*2N(CH,3)3  was  undertaken 
with  lithium  ? luminum  hydride  rather  than  with  the  borohydride,  because  of  the 
possibility  that  diborane,  liberated  by  the  reaction  of  the  latter,  would  react 
with  the  B2Cl4*2>T(CH3  )3  as  it  does  vdth  tetrachlorodiborine.  Since  it  has  row 
been  shown  that  the  amine  addition  Product  does  not  react  raoidl;  with  diborane, 
and  sivce  the  use  of  lithium  aluminum  hydride  leads  to  the  complication  described 
in  the  preceding  paragraph,  we  shall  study  the  reaction  of  the  borohydride  before 
returning  to  th:it  of  the  aluminum  comoourd. 

III.  The  Reaction  of  Boron  Trichloride  with  Hydrogen  in  an_ Electrical  Discharge. 

As  Pointed  out  in  P.  K.  XXXVI,  p.  3,  the  observation  that  tetrs chlorodiborine 
reacts  very  rapidly  with  hydrogen  at  room  temperature  to  produce  diborane,  sug¬ 
gests  that  in  the  procedure  developed  by  Schle.singer  and  Burg  for  the  preparation 
of  diborane  (j.  A,  C.  S.  S3,.  4321,  (1931)),  the  initial  step  is  the  formation  of 
tetra chlorodiborire .  In  the  original  experiments  a  large  excess  of  hydrogen  was 
used,  and  under  those  conditions  the  chlorodiborine  could  not  possibly  have  been 
detected. 

be  have  now  modified  the- Schlesinrer  end  Burg  experiment  by  using  a  consider¬ 
able  excess  of  boron  trichloride ..  although  the  main,  initial  product  of  the  reac¬ 
tion  under  these  conditions  was  still  monocYlorodiborane ,  as  in  the  ori final 
Schle singer  and  Burg  procedures,  the  presence  of  tetrachlorodiborine  has  seen 
definitely  established.  Separation  of  the  product  was  difficult,  but  we  were  able 
to  obtain  a  fraction  which  had  a  0°  C  tension  of  44.5  mm  (B2CI4  tension  equals 
44.3  mm),  and  in  which  the  ratio  of  hydrogen,,  boric  acid  and  chloride  ion,  result¬ 
ing  from  hydrolysis,  was  0,92j2.00j4.12,  instead  of  the  theoretical  ratio  It2i4. 
Another  sample, by  slow  decomnosition,  produced  the  red  product  characteristic  of 
the  decomposition  of  pure  tetrachlorodiborine , 

Although  not  conclusive  evidence,  this  experiment  strongly  supports  the  hypo¬ 
thesis  that  the  first  step  in  the  formation  of  diborane  by  the  reaction  of  hydro¬ 
gen  with  boron  chloride  in  an  electric  discharge  is  tetrachlorodiborine.  For  the 
production  of  the  latter  it  does  not  3eem  likely,  however*  that  the  use  of  hydro¬ 
gen  can  be  made  as  efficient  as  that  of  mercury  vapor  in  the  discharge  chamber, 

IV.  fther  3ubchlorides  of  Boron 

As  described  in  P.  It,  XXXII,  p.  10,  the  decomposition  of  tetrachlorodiborine 
produces  a  vi-cous,  licuid,  red  product  of  very  low  volatility  and  an  almost  white, 
nonvolatile  solid.  The  two  may  be  separated  volatilization  of  the  red  w  t  rial 

at  90  -  100°  C. 

It  was  difficult  to  obtain  enoue’o  of  these  materials  by  decomposition  of  the 
tetrachlorodiborine  in  a  closed  vessel  because  the  reaction  seemed  to  become 
slower  as  time  went  on.  As  suggested  by  this  observation,  we  have  hastened  the 
decomposition  by  removing  the  boron  chloride,  also  formed  in  the  reactior,  from 
time  to  time.  By  this  ’-rocedure ,  enough  material  for  a  preliminary  analysis  wss 
obtained. 
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The  method  of  analysis  described  in  section  lie  of  this  report  was  not  satis¬ 
factory  for  analysis  of  the  other  subchlorides,  because  the  hydrolysis  by  sodium 
hydroxide  is  not  complete,  as  shorn  by  the  fact  that  the  hydrolysate  still  reduces 
silver  ion.  Instead,  it  was  necessarv,  after  the  hydrolysis  with  sodium  hydroxide 
by  the  procedure  described  in  the  earlier  section,  to  decrease  the  to  v6ry 

slight  alkalinity,  and  then  to  a  'd  90';’  hydrogen  peroxide.  The  excess  of  the 
latter  was  decomposed  by  platinum  black. 

The  results  of  these  analyses  pave  a  BtCl  ratio  of  1.0:0.91  for  the  red 
product,  and  of  5,1:3. 0  for  the  white  one.  It  seems  likely,  however,  that  neither 
product  was  entirely  pure,  since  decomposition  may  have  occurred  at  the  elevated 
temperature  needed  for  the  separation  of  the  two  from  each  other.  "»e  are,  there¬ 
fore,  seeking  a  solvent  by  me: ns  of  which  the  cep:  ration  and  purification  of  the 
two  (or  more)  decomposition  products  may  be  effected. 

V.  Further  Attempts  to  Improve  the  Preparation  of  Sodium  Aluminum  Hydride. 

TIo  satisfactory  results  have  been  obtained  as  yet.  Slowness  of  this  aspect 
of  the  project  is  due  in  part  to  the.  fact  that  it  is  in  the  hands  of  a  oart  time 
assistant.,  but  is  largely  due  to  the  apparent  difficulty  of  the  problem. 

Briefly  stated*  we  have  verified  the  earlier  observation  that,  although  a 
60c'  yield  of  the  desired  product  in  pure  form  can  be  achieved  by  the  reaction  of 
sodium  hydride  with  aluminum  bromide  in  dimethyl  ether,  the  same  result  is  not 
achieved  with  aluminum  chloride.  The  reason  for  the  difference  -.as  not  been  dis¬ 
covered.  Furthermore,  the  procedure  of  extracting  the  reaction  product  of  the 
aluminum  bromide  reaction  with  tetrahydrof'uran -after  evaporation  of  the  dimethyl 
ether  (in  order  to  avoid  filtration  under  the  hirh  pressure  of  dimethyl  ether) 
proved  unsuccessful— a  result  entirely  unexpected  in  view  of  the  success  of  this 
procedure  for  the  preparation  of  calcium  aluminum  hydride.  In  the  case  of  the 
sodium  aluminum  hydride  preparation,  the  product  obtained  had  an  aluminum-hydrogen 
-ratio  of  only  1:2.86,  instead  of  the  expected  1:4. 

In  view  of  the  f-’ct  that  methyl  borate  acts  catalytic-ally  in  the 

reaction  between  lithium  hydride  and  boron  fluoride,  and  that  sodium  trimethoxy- 
borohydride  is  more  reactive  than  sodium  hydride,  we  have  attempted  (1)  the 
reaction  of  sodium  hydride  with  aluminum  chloride  in  the  presence  of  an  excess  of 
methyl  borate  at  room  temperature,  (2)  the  same  reaction  in  the  presence  of  a 
small  amount  of  methyl  borate  and  tetrahydrofuran,  (3)  the  reaction  of  sodium 
trimethoxyborohydride  with  aluminum  chlo  -ide  in  dimethyl  ether.  It  was  realized 
that  sodium  borohydride,  or  possibly  even  an  etherate  of  aluminum  borohydride 
might  be  formed.  Thus  far,  none  of  those  experiments  has  led  to  definite  results. 
In  the  last  one  mentioned,  a  product  very  soluble  in  dimethyl  ether  was  obtained, 
’ihat  the  nature  of  this  material  is  has  not  been  ascertained,  except  to  demonstrate 
that  it  is  neither  sodium  borohydride,  sodium  aluminum  hydride,  nor  aluminum 
borohydride  etherate.  The  experiments  are  beir.p  continued. 
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The  work  of  this  report  concerns  s 

I*  The  reduction  of  Trichloroborazole  to  bora sole 

II.  Further  studies  on  Tetrachlorodiborine  and  its  Derivatives 

III.  The  preparation  of  Sodium  Aluminum  Hydride 

IV.  The  reaction  of  Lithium  Borohydride  with  Hydrazine  Hydrochloride 

Because  of  the  fact  that  the  present  oontract  covers  a  13  month  period,  i.e., 
from  July  1,  1949  to  July  31,  1950,  the  period  covered  by  this  "quarterly”  progress 
report  is  4  rather  than  3  months*  Reference i  to  previous  final  reports  are  indicated 
by  the  letters  F.R.  followed  by  the  year  in  which  the  report  was  completed!  refer¬ 
ences  to  progress  reports  are  indicated  by  the  betters  P.R.  followed  by  a  Renan 
numeral.  If  the  P*  R.  is  of  a  year  earlier  than  1949-.50,  the  data  of  issues 00  if 
given* 

I*  The  Reduction  of  Triohloroborazole  to  Borazole. 


Before  describing  the  work  of  the  period  covered  by  this  report,  it  is  desirable 
to  refer  to  an  experiment  described  in  P.  R.  XXXVII,  p  3,  in  which  triohloroborazole 
was  treated  with  an  n-butyl  ether  solution  of  lithium  aluminum  hydride  in  which  a 
considerable  amount  of  lithium  hydride  vas  suspended*  The  experiment  was  originally 
undertaken  to  ascertain  whether  lithium  aluminum  hydride  could  aot  as  a  oarrier  for 
hydrogen  from  lithium  hydride  as  has  been  suggested  for  the  types  of  reaoticn  by 
Blizcard,  Carhart,  and  Johnson,  J.A.C.S*  70,  3684-5  (1948). 

Tho  fact  that  in  this  experiment  not  only  was  the  yield  of  bora sole  much  higher 
then  in  pr  seeding  cues,  but  that  a  very  am  eh  larger  pareentere  of  the  bore  sole  than 
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la  preceding  experiments  oould  be  separated  from  the  ether*  suggested  an  explanation 
of  the  difficulties  previously  enoountered  in  the  use  of  lithium  aluminum  hydride  as 
a  reducing  agent  for  the  desired  reaction.  It  seemed  possible  that  the  reduction 
reaction  produces  aluminum  hydride  according  to  att  equation  like  the  following* 

3LiAlH4  +  B3N3H3CI3  -  B3N3H6  *  3LiCl  ♦  3A1HS 

and  that  the  aluminum  hydride  formed  in  acme  way  reacts  with  borazole  and  prevents 
its  volatilization  with  the  ether.  The  possibility  that  borazele  forms  a  nonvolatile 
etherate  was  also  considered. 

The:  first  step  in  testing  these  possibilities  was  to  determine  whether  pure 
borazole  and  n-butyl  ether  would  distill  together  from  a  mixture  of  the  two.  Suoh 
mixtures  were  sealed  in  bulbs  equipped  with  break-off  side  arms  and  were  heated  to 
different  temperatures  for  different  time  intervals.  The  bulbs  were  then  attached 
to  a  vacuum  system,  the  hydrogaa  was  pumped  off  and  measured,  and  the  remaining  vola¬ 
tile  material  was  distilled  into  concentrated  aqueous  hydrochloric  acid.  The  amount 
of  hydrogen  liberated  as  a  result  of  the  aoid  hydrolysis  was  taken  as  a  measure  of 
the  quantity  of  borazole  recovered  in  the  volatile  material.  Results  of  two  such 
experiments  are  as  follows  (ml  refers  to  liquid  volumes,  00  to  volumes  of  gaseous 


material  referred  to  STP); 

Original  mixture 

Conditions 

Products  $  B3N3H6  recovered 

10  ml  (Bu)„0  y 

28  00  B3N3H5  ) 

r 

30  minutes 
100°  C 

1.59  oc  L  \ 
24.5  00  B3R3H8  y 
nonvolatile  solids) 

87$ 

5  ml  /(Bu)20  ) 

31.8  co  B3N3H6) 

2  hours 

50°  C 

0.63  co  Hz  ) 

29.3  cc  B3F3H6  ) 
nonvolatile  solids) 

92$ 

It  is  evident  from  these  data  that  borazole  is  not  in  any  way  rendered  nonvola* 
ti]e  by  butyl  ether  (i.e,,  does  not  form  a  nonvolatile  etherate).  Furthermore,  the 
very  small  amount  of  hydrogen  and  of  solids  obtained  indicates  that  borazole  is  not 
extensively  decomposed  at  higher  temperatures  by  butyl  ether. 

In  the  preoeding  experiments  the  borazole  was  not  separated  from  the  butyl  ether. 
To  ascertain  whether  such  a  separation  is  possible,  a  mixture  of  4.79  g  of  borazole 
an*  30ml  of  the  ether  was  distilled  through  a  small  column  paoked  with  glass  helices. 
The  fraction  passing  over  between  52  and  54°  C  was  oolleeted  and  weighed.  It  con¬ 
sisted  of  about  3.8  g  of  borazole,  indicating  an  approximately  80$  recovery.  Use  of 
a  more  effioient  column  could  probably  improve  the  result,  but  the  small  amounts  of 
borazole  then  available  made  further  ’"ork  along  these  lines  undesirable  until  the 
aotual  results  of  reduction  of  trichloroborazole  had  been  ascertained. 

It  *as  next  shown  that  borazole  oould  be  recovered  from  its  mixture  with  solid 
lithium  aluminum  hydride.  After  the  mixture  had  stood  for  10  hours  at  room  tempera¬ 
ture,  about  85$  of  the  borazole  was  regained  by  evaporation  and  condensation.  It 
waa  also  demonstrated  that  a  saturated  solution  of  lithium  aluminum  hydride  in  n- 
butyl  ether  liberates  only  very  small  quantities  of  hydrogen  (e.g.  0.26  oc)  vh«n  it 
ie  heated  to  100°  C  for  one  hour.  Evidently  than,  if  aluainu*  hydride  causes  the 
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difficulty  encountered,  the  hydride  is  a  product  of  the  interaction  of  lithium 
aluminum  hydride  v.ith  bore. z ole ,  and.  not  an  unavoidable  oontaminant  of  the  fomer. 

(It  might  be  mentioned  in  this  connection  that  only  $8%  of  a  sample  of  borazole  could 
be  recovered  from  dry,  activated  alumina  after  5,6  hours  at  26°  C»  Evidently  ex¬ 
clusion  of  moisture  is  of  the  greatest  importance  in  these  experiments.) 

The  preceding  experiments  indicate  that  neither  the  presence  of  n-butyl  other 
nor  of  lithium  aluminum  hydride  prevent  the  recovery  of  borazole  from  mixtures  in 
which  it  is  known  to  be  present.  But  when  a  mixture  of  pure  borazole  and  a  butyl 
ether  solution  of  lithium  aluminum  hydride  containing  an  excess  of  aluminum  hydride 
was  evaporated,  after  standing  one  hour  at  room  temperature,  no  material  containing 
active  hydrogen  could  be  isolated  in  the  Volatile  portion.  The  hypothesis  that 
aluminum  hydride  reacts  with  or  in  seme  other  way  holds  back  borazole  has  thus 
received  considerable  support. 

On  the  basis  of  these  observations  it  is  possible  to  explain  vhy  results  ob¬ 
tained  in  the  reduction  of  trichloroborazole  with  lithium  aluminum  hydride  in  the 
presence  of  an  excess  of  lithium  hydride  are  much  better  than  those  obtained  in  the 
absence  of  lithium  hydride.  The  latter  is  known  to  react  with  aluminum  hydride  to 
give  lithium  aluminum  hydride}  the  use  of  lithium  hydride  thus  may  be  effective 
because  it  removes  the  aluminum  hydride  assumed  to  be  present  according  to  the  hypo¬ 
thesis  under  discussion. 

Although  the  procedure  using  lithium  hydride  in  addition  to  lithium  aluminum 
hydride  has  been  successful  in  small  scale  experiments,  carried  out  in  the  vacuum 
system,  it  has  not  yet  proved  satisfactory  When  attempts  were  made  to  reduce  larger 
quantities  of  trichloroborazole  in  ordinary  laboratory  apparatus  in  an  atmosphere  of 
nitrogen.  The  reasonshave  not  yet  been  fully  ascertained.  It  is  ccnoeivable  that 
beoause  of  the  longer  time  required  for  larger  scale  experiments,  difficulties  are 
caused  by  secondary  reactions  of  lithium  eluminum  hydride  with  the  ether,  too  slow  to 
be  troublesome  in  small  scale  experiments.  Support  for  such  an  explanation  is  found 
in  the  fact  that  in  a  larger  scale  experiment  a  gaseous  produot  having  properties 
not  unlike  those  of  n-butane  has  been  obtained.  This  interpretation  of  the  difficul¬ 
ty  requires  further  confirmation,  ... 

Even  though  these  experiments  have  thus  not  yet  shorn  definitely  how  trichloro¬ 
borazole  oan  be  reduced  efficiently  to  borazole  by  lithium  aluminum  hydride,  they 
have  suggested  a  prooedure  by  means  of  whioh  the  chief  objection  to  the  use  of  lith¬ 
ium  borohydride  as  a  reducing  agent  may  possibly  be  overoome.  The  objection  to  the 
latter  reagent  lay  in  the  fact  that  1.5  moles  of  dibowne  are  theoretically  liberated 
per  mole  of  borazole  obtained.  But  diborane  is  known  to  react  rapidly  with  evolution 
of  considerable  heat  with  lithium  hydride  in  ether  solutions  to  form  lithium  boro- 
hydride,  Should  the  prooedure  of  using  a  mixture  of  lithium  hydride  and  lithium  boro¬ 
hydride  in  this  way  avoid  the  liber* tioe  of  diborane  or  deorease  it  to  an  insignifi¬ 
cant  amount,  a  satiafaotory  method  for  tho  props rati  on  of  bora sola  in  larger  quanti¬ 
ties  nay  have  bean  achieved. 
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II,  Further  Studies  on  Tatra ohlorodiborine  _and  its  Derivatives 
-  (a)  Reaction  of  tetrachlorodiborine  with  dimethylamine. 


Tetra ohlorodiborine  reaots  rapidly  with  dimethylamine  at  temperatures  as 
low  as  -80°  C  to  form  the  new  oompound  tetradimethylaminodiborine  according  to  the 
equation  (R  *  CH3)* 

B2C14  +  8KRgH  -  B2(NR2)4  +  4R2NH2C1. 

The  equation  is  an  empirical  one  since  the  moleoular  weight  of  the  new  compound  has 
not  yet  been  determined.  The  substance  is  a  liquid  of  very  low  vapor  tension  at 
0°  C.  Only  one  of  its  reactions  has  as  yet  been  studied,  namely  that  vdth  hydrogen 
chloride,  and  this  work  is  as  yet  incomplete.  The  produot  of  the  reaotion  is  a 
white  solid  from  whioh  the  tetradimethylaminodiborine  is  recovered  by  addition  of 
dimethylamine « 

The  details  of  the  preparation  of  the  new  compound  and  of  its  analysis  are  as 
follows  (oc  refer  to  gases  at  STP,  ml  to  liquids)* 

The  reagents,  20,1  oo  of  tetrachlorodiborine  and  210,5  oo  of  dimethylamine 
both  tensimetrically  pure,  were  condensed  into  a  reaction  vesr-el,  which  was  then 
warmed  to  -80°  C.  Although  reaction  seemed  to  ocour  immediately,  the  mixture  was 
maintained  at  this  temperature  for  several  hours,  after  whioh  time  the  volatile 
nroducts  were  distilled  into  the  fractionating  system  at  room  temperature.  The 
procedure  required  several  hours  because  of  the  slight  volatility  of  the  reaotion 
produot,  A  small  amount  of  solid,  probably  a  decomposition  produot,  deposited  on 
the  walls  of  the  receiving  vessel. 

The  more  volatile  material  thus  obtained  was  distilled  through  a  -80°  C 
trap  into  one  at  -196°  C.  The  latter  contained  58.0  oo  of  dimethylamine  (v.t.  at 
0°  C  563  mm  instead  of  564.5),  indicating  that  the  tetrachlorodiborine  and  dimethyl* 
amine  had  reacted  in  the  volume  ratio  1*7,59  (theory  li8)»  The  discrepancy  is  not 
large  in  view  of  the  difficulty  of  handling  the  original  ohloro  compound. 

The  material  recovered  in  the  *80°  C  trap  was  purified  by  distilling  it 
through  a  0°  C  trap  into  one  at  -196°  C.  The  latter  was  found  to  oantain  a  small 
quantity  of  a  liouid  with  a  vapor  tension  of  6,8  m  at  25°  C.  It  it  likely  that 
this  material  was  the  oompound  B(HR2)s  (v.t.  at  28°  C  »  Bnsn),  contaminated  with  a 
traoe  of  dimethylamine. 

The  material  in  the  0°  C  trap  was  then  distilled  into  a  quarts  bulb  con* 
taining  5  ml  of  10°  sodium  hydroxide  solution  for  analysis.  The  mixture,  originally 
consisting  of  two  layers,  formed  a  homogeneous  solution  when  it  was  heated  for  A- 
hours  in  a  steam  bath.  During  this  process  12,4  cc  of  hyurogen  were  liberated.  The 
volatile  produota  were  distilled  into  50  ml  of  0.1N  hydrochloric  acid  and  titrated. 
The  result  indicated  that  50.8  cc  of  dimethylamine  had  been  formed.  Titration  for 
boron  in  the  usual  way  showed  that  the  asiount  contained  in  the  nonvolatile  residue 
me  equivalent  to  26,7  oo  of  the  gaseous  element.  These  date  oorresnond  to  a  ratio 
for  HgiBtfBgH  •  O.M* 2 .02* 4*00,  is  good  agreement  with  the  ratio  1»2*4  expected 
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acoording  to  the  equation! 

b2(KR2)4  ♦  4HC1  +  4H20  -  2HB02  ♦  dHRgHgCl  +  Hg 

The  yield  of  the  compound  was  63%  of  the  theoretical.  It  was  not  considered  neoes- 
eary  to  analyze  the  solid  product  of  the  initial  reaction,  since  it  gave  every  evi¬ 
dence  of  being  dimethylaminohydrochloride  contaminated  with  a  traee  of  a  solid  which 
reacted  slowly  with  water  to  give  a  reducing  solution,  but  of  which  too  little  was 
obtained  for  analysis. 

(bj  The  canpound  B2Cl4*2NR^. 

(b)(1)  Melting  point,  solubility,  molecular  weight.  The  compound,  pre¬ 
pared  and  initially  described  "in  PTS.’  "XXXVT,  "p  2 ,  and  XXXVII,  PP  4-5,  has  been  fur¬ 
ther  studied.  Its  melting  point  in  an  atmosphere  of  nitrogen  is  228°  C,  but  it  sin¬ 
ters  at  125°  C  and  softens  somewhat  at  195°  C.  It  is  somewhat  soluble  in  diethyl 
ether  and  in  benzene,  and  slightly  soluble  in  isopentane.  Determination  of  the 
molecular  weight  of  the  substance  by  the  lowering  of  the  freezing  point  of  benzene 
gave  the  following  unexpected  result! 

wt.  benzene  18.74  g  t  0,029°  C 

wt,  sample  0.1168  g  idol  wt  1105. 

This  value  is  very  nearly  four  times  the  molecular  weight  corresponding  to  the  for¬ 
mula  B2Cl4*2NR3  (Theor.  mol  wt  •  279 }  4  x  279  «*  1116).  Since  the  measurement  was 
mado  at  only  one  concentration  it  still  needs  to  be  demonstrated  that  the  Calculated 
value  ie  real,  i.e,,  that  no  solid  solutions  were  formed. 

To  obtain  more  information  on  this  point,  an  attempt  was  made  to  determine 
the  molecular  weight  by  measuring  the  vapor  tension  lowering  of  isopentane,  but  the 
solubility  of  the  compound  in  this  solvent  was  found  to  be  too  small  to  promise 
reliable  results.  Further  work  with  other  solvents,  and  possibly  a  measurement  of 
the  vapor  density  of  the  oompound  at  high  temperatures  are  planned. 

♦ 

(b)(2)  Reaotlon  with  Lithium  Borohydride.  The  complications  encountered 
in  the  study  of  the  reaotion  of  the  oompound  B2(il4,2NR3  with  lithium  aluminum  hy¬ 
dride  (P.R.  XXXVII,  p  4)  led  us  to  replaoe  this  reducing  agent  by  the  corresponding 
borohydride.  The  formation  of  diborane  was  anticipated,  but  it  was  honed  that  this 
fact  would  introduce  no  complications,  since  diborane  does  not  react  with  BgCl4«NRg 
at  room  temperature  (P.R.  XXXVII,  p.  4).  The  results  thus  far  are  disappointing. 

The  only  produots  isolated  in  a  reaction  oarried  out  in  ether  solution  at  room  tem¬ 
perature  hp.ve  been  diborane  and  a  volatile  solid,  the  vapor  density  of  which  cor¬ 
responds  to  that  of  trimethyl amine  borine  (theory  73,  found  72).  The  identity  of 
the  solid  as  trimethylamine  borine  was  further  confirmed  by  vapor  tension  measure¬ 
ments,  ac  follow* i 


t  (o°c) 

v.t.  sample 

▼.t,  BHjHHj 

25.9 

0.90 

0.60 

40.0 

2.90 

2.54 

42,6 

13,60 

11.9 

TO.  3 

20.15 

18.7 

• 


II 
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Evidently  there  was  a  somewhat  more  volatile  oontaminant,  but  it  could  have  been 
only  small  in  amount. 

The  experiment  ie  to  be  repeated  with  the  modification  that  a  considerable 
excess  of  trimethylamine  is  to  be  added.  Theoretically,  the  reaction  in  question 
might  ooour  as  follows t 

B2C14  +  4LiBH4  -  B2H4  +  2B2H6  +  4UC1 

The  purpose  of  the  excess  trimethylamine  would  be  to  stabilize  the  presumably  un¬ 
stable  B2H4,  by  forming  an  addition  compound,  possibly  B2H4*2NR3.  In  that  event  6 
moles  of  the  amine  would  be  required  per  mole  of  B2CI4,  since  the  diborane  would 
require  4  moles.  The  compound  B2Cl4*21\TR3  obviously  does  not  supoly  enough  if  it  is 
assumed  that  trimethylamine  borine  is  more  stable  than  the  hypothetical  BgH4*.2NR*. 
The  reaction  of  lithium  aluminum  hydride  with  BgCl^BNRg  will  also  be  reinvestigated 
since  the  early  experiments  (P.R.  XXXVII,  p  4)  may  have  been  vitiated  by  the  pres¬ 
ence  of  a  large  amount  of  aluminum  hydride  in  the  lithium  aluminum  hydride  used  at 
the  time. 


(c)  Further  studies  onjthe  decomposition  produots  of  tetraohlorodiborifte. 

Attempts  to  determine  the  molecular  weight  of  the  red  decomposition  product 
obtained  by  the  slow  decomposition  of  tetrachlorodiborlne  at  room  temperature  were 
temporarily  discontinued  when  it  was  found  that  the  red  material  undergoes  further 
slow  decomposition  to  boron  trichloride  and  the  white  solid  previously  desoribed 
(P.R.  XXXII,  p  10,  December,  1949,  and  XXXVII,  pp  5-6).  There  is  some  indication 
that  the  decomposition  is  inhibited  by  the  presenoe  of  boron  triohloride.  Possibly 
advantage  can  be  taken  of  this  observation,  if  corroborated,  in  purifying  and 
studying  the  compound. 


III.  The  Preparation  of  Sodium  Aluminum  Hydride. 


As  has  been  previously  reported,  the  only  method  which  has  hitherto  led  to  suc¬ 
cessful  preparations  of  sodium  aluminum  hydride  consisted  of  the  reaction  between 
sodium  hydride  and  aluminum  bromide  at  room  temperature  in  dimethyl  ether  solution. 
The  reaotion  mixture  was  then  filtered  at  room  temperature  and  the  ether  wae  evapo¬ 
rated  from  the  filtrate.  Not  only  was  the  yield  not  better  than  60  or  66$,  but  the 
use  of  aluminum  bromide  and  the  relatively  high  pressures  (6-7  atm)  at  which  the 
reaction  end  filtrations  had  to  be  carried  out  are  objeotionable. 

Of  the  very  numerous  experiments  undertaken  to  avoid  these  objections,  only  the 
last  has  given  decided  promise  of  suooess.  Those  which  failed  are  first  briefly  dee- 
oribed,  without  numerical  details. 


(a)  The  reaotion  of  aluminum  chloride  with  sodium  hydride  in  dimethyl  ether. 

As  catalysts  both  lithium  aluminum  hyclride  arid  sodium  aluminum  "hydride  (obtained* 
from  aluminum  bromide)  were  tested.  Ydien  the  dimethyl  ether  solution  was  filtered, 
the  filtrate  etill  contained  chloride  ion,  even  after  days  of  reaction.  Evaporation 
of  the  dimethyl  ether  before  filtration*  and  extraction  of  the  residue  with  tetra- 
hydrofuran  (See  P.R.  XXXII,  p  11,  Deeenfcer,  1948)  gave  none  of  the  desired  produet. 


r> 
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(b)  Reaction  of  sodium  trimethoxyborohydride  with  aluminum  ohloride ,  as  veil  as 
the  reaction  of  sodium  hydride  with  aluminum  ohloride  in  the  presence  of  aluminum 
methoxide,  proved  unsuccessful* 

(o)  Use  of  calcium  hydride  as  a  catalyst  pave  only  a  small  amount  of  caloium 
aluminum  hydride. 

(d)  The  reaction  between  aluminum  chloride  and  sodium  hydride  in  tetrahyaro- 
furan  as  a  solvent,  especially  hen  a  seed  of  lithium  aluminum  hydride  was  used  as 
catalyst,  appeared  to  give  some  of  the  desired  produot,  but  the  yield  and  purity 
were  low.  Apparently  the  low  purity  was  due  to  the  faot  that,  to  obtain  adequate 
reaction,  the  reaotion  mixture  had  to  be  refluxed  for  some  length  of  time.  It  ms 
shown  th«t,  under  these  conditions,  interaction  of  the  solvent  with  the  reaction 
mixture  occurred. 

(e)  The  successful  experiments  were  based  on  the  idea  that  lithium  and  sodium 
hydrides  do  not  interact  with  aluminum  chloride  per  se,  but  do  react  with  the  AlCl4~ 
ion.  To  test  this  hypothesis  we  first  attempted  to  obtain  this  ion  in  solution 

by  the  reaotion  of  ethyl  ohloride  and  a  diethyl  ether  solution  of  aluminum  chloride. 
The  produot  thus  obtained  was  treated  with  sodium  hydride  in  tetrafuran  with  no  suo- 
0488 •  Similar  failure  resulted  when  the  compound  NaAlCl4  was  prepared  by  fusion  of 
the  respective  simple  chlorides,  and  used  in  plaoe  of  aluminum  chloride. 

Success  was  apparently  achieved  in  an  experiment  in  which  2.6  g  of  aluminum 
ohloride,  13 .9  g  of  sodium  hydride  and  0.0219  g  of  lithium  ohloride  were  stirred  for 
3  days  in  tetrahydrofuran.  Lithium  chloride,  rather  than  sodium  salt,  was  used  be¬ 
cause  the  former  is  known  to  dissolve  in  ether  solutions  of  aluminum  chloride,  pre¬ 
sumably  to  form  the  desired  complex  ion,  whereas  the  sodium  salt  does  not  do  so. 

After  3  days’  stirrin  g  of  the  mixture,  followed  by  filtration  and  evaporation  of  the 
filtrate,  there  was  left  a  white,  orystelline  residue  which  gave  98$  of  the  hydrogen 
to  be  expected  of  NaAlH,,  showed  a  ratio  of  A1$.H  ■  1»4.01,  and  which  therefore  is 
evidently  pure  sodium  aluminum  hydride.  Repetition  of  the  experiment  with  the  same 
•anples  of  aluminum  chloride  and  sodium  hydride,  but  without  lithium  chloride,  gave 
no  indication  of  reaction  after  3  days  of  stirring. 

It  will  be  neoessary  to  repeat  the  experiment  to  ascertain  whether  the  method 
gives  a  satisfactory  yield,  and  to  determine  the  best  proportion?  of  reagents  and 
time  of  reaction.  If  the  further  work  confirms  the  results  herein  described,  a  more 
detailed  study  of  the  properties  of  sodium  aluminum  hydride  will  be  undertaken. 

It  is  interesting  to  oonsid°r  the  possibility  that  the  irterpretaticn  here  given 
for  the  reaotion  between  hydrides  and  alianinum  halides  may  explain  why  the  use  of 
lithium  aluminum  hydride  as  a  oatalyat  in  the  reaction  between  lithium  hydride  and 
aluaioum  ohloride  is  suooessful.  The  lithium  aluminum  hydride  reset*  rapidly  with 
aluminas  chloride  in  diethyl  ether  aooording  to  the  equation! 

3LiAlH4  ♦  AlClj  -  4A1H3  +  SLiCl 

The  lithium  ohloride  thu*  formed  may  then  react  with  some  of  the  remaining  aluminum 
chloride  to  produce  a  solution  of  LiAlCl^.  Tho  latter  could  be  the  material  which 
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inter* eta  with  lithium  hydride,  according  to  the  equation 
4LiH  +  LiAlCl4  -  LiAlH4  +  4LiCl 

It  is  obvious  that  ultimately  practically  all  of  the  aluminum  ion  vdll  be  used  up 
and  that  then  only  a  trace  of  lithium  chloride  oan  remain  in  solution.  If,  on  the 
other  hand,  lithium  hydride  ana  aluminum  ohloride  are  mixed  in  the  absenoe  of  lithium 
aluminum  hydride,  the  initial  reaction  between  the  two  may  be  very  slow,  but  will 
become  accelerated  by  the  gradual  formation  of  lithium  ohloride.  Thus  the  induction 
period  in  the  interaction  of  aluminum  ohloride  and  sodium  hydride,  as  well  as  the 
means  of  its  avoidance,  are  readily  explained. 

In  the  reaction  between  sodium  hydride  and  aluminum  chloride,  no  such  induction 
period  has  been  observed}  instead  the  reaotions  are  slow  throughout.  The  difference 
between  the  lithium  and  the  sodium  hydride  reaction  may,  consequently,  be  due  to  the 
difference  in  the  solubilities  of  lithium  and  of  sodium  chloride  in  ether  containing 
aluminum  chloride. 

The  interpretation  of  the  action  of  alkali  metal  hydrides  on  aluminum  halides 
also  offers  a  possible  explanation  of  why  sodium  aluminum  hydride  could  be  obtained 
in  fair  yield. in  dimethyl  ether  solution  by  the  interaction  of  sodium  hydride  with 
aluminum  bromide  but  could  not  be  satisfactorily  prepared  when  aluminum  chloride  was 
the  halide  employed.  Sodium  bromide  is  presumably  more  Soluble  in  dimethyl  ether 
than  is  sodium  chloride;  consequently  the  oonoentration  of  the  aluminum  tetrahalo- 
geno  ion,  assumed  to  be  the  active  reagent  in  these  reaotions,  would  be  the  higher 
if  the  starting  material  is  aluminum  bromide. 

IV.  The  Reaction  of  Lithium  Borohydride  with  Hydrazine  Hydrochloride 

As  shown  in  a  series  of  papers  by  riiberg  (Zeit.  anorg.  Chemie,  257,  131  -37, 
1948),  by  G,  Ti.  Sohaeffer,(J.A.C.S.  71,  2143  (1949)),  by  Burg,  (2nd  Annual  Summary 
Technical  Report,  Contract  N6onr-238-TQ-I,  1948),  as  well  as  in  our  own  reports 
(e.g.  P.R.  XXXI,  p  6,  Sept.  48,  P.R.  XXXII,  pp  4-6,  Deoember  1948,  and  P.R.  XXXIII, 
p  8,  Maroh  49)  the  re  ction  of  ammonia  and  amines  on  diborane,  and  that  of  boro- 
hydrides  with  ammonium  end  amine  salts  have  given  interesting  results.  It  waB  there¬ 
fore  considered  worth  while  to  ascertain  whether  similar  reaotions,  in  which  ammonia, 
•mines  and  their  salts  are  repla  oed  by  hydrazine  and  its  derivatives,  might  not  lead 
to  new  types  of  interesting  compounds. 

Preliminary  experiments  between  lithium  borohydride  and  hydrazine  dihydrochlo¬ 
ride  have  shown  that  the  expeoted  type  of  reaction,  i.e.,  the  liberation  of  hydrogen, 
occurs  when  the  two  are  allowed  to  interact  in  the  dry  Btate  as  well  as  in  diethyl 
ether.  At  lower  temperatures,  a  little  over  one  mole  of  hydrogen  was  evolved  per 
mole  of  lithium  borohydride  used;  at  higher  temperatures  the  ratio  was  more  nearly 
2il«  Details  are  not  given  because  a  oomplete  study  of  the  produots  has  not  yet 
been  made. 

Such  a  study  is  made  difficult  by  the  fact  that,  aside  from  hydrogel  and  treoee 
of  diborane,  all  of  the  rroduots  of  the  reeotion  are  solids.  Thus  far  no  solvent 
has  been  found  whioh  will  separate  from  eaoh  other  the  various  solid  products 
undoubtedly  present* 
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For  this  reason  we  are  temporarily  turning  to  the— presumably— simple  r  case  of 
the  interaction  of  anhydrous  hydrazine  with  diborane,  work  which  is  as  yet  not  far 
enough  along  to  be  renorted  in  detail*  lie  express  our  appreciation  to  the  Naval 
Re sear oh  Laboratory  for  the  anhydrous  hydrazine  furnished  us  for  this  work* 


